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Abstract. Tinzaparin is an anticoagulant and antiangiogenic 
drug with inhibitory properties against tumor growth. VEGF 
stimulates angiogenesis, while an association between reactive 
oxygen species (ROS) and angiogenesis is involved in tumor 
progression. The present study aimed to investigate the effect 
of tinzaparin on VL30 retrotransposition‑positive mouse 
HC11 mammary stem‑like epithelial cells, previously reported 
to be associated with induced mammosphere/cancer stem 
cell (CSC) generation and tumorigenesis. Under 24 h serum 
starvation, 15.2%  nominal retrotransposition frequency 
was increased to 29%. Additionally, while treatment with 
3‑12 ng/ml VEGF further induced retrotransposition frequency 
in a dose‑dependent manner (up to 40.3%), pre‑incubation 
with tinzaparin (2 IU/ml) for 0.5‑4 h reduced this frequency 
to 18.3% in a time‑dependent manner, confirmed by analogous 
results in NIH3T3 fibroblasts. Treatment with 10‑40 pg/ml 
glucose oxidase (GO) for 24 h induced HC11 cell retrotrans‑
position in a dose‑dependent manner (up to 82.5%), while 
a 3 h pre‑incubation with tinzaparin (1 or 2 IU/ml) elicited 
a 13.5 or 25.5% reduction in retrotransposition, respectively. 
Regarding tumorigenic VL30 retrotransposition‑positive 
HC11 cells, treatment with 2 IU/ml tinzaparin for 5 days reduced 
proliferation rate in a time‑dependent manner (up to ~55%), 
and after 3 weeks, disaggregated soft agar‑formed foci, as well 

as low‑adherent mammospheres, producing single mesen‑
chymal‑like cells with a ~50% reduced retrotransposition. 
With respect to the VL30 retrotransposition mechanism: While 
12 ng/ml VEGF increased the level of VL30 and endogenous 
reverse transcriptase (enRT) transcripts ~1.41‑ and ~1.16‑fold, 
respectively, subsequent tinzaparin treatment reduced both 
endogenous/ROS‑ and VEGF‑induced levels 1.15‑ and 0.4
0‑fold (VL30) and 0.60‑ and 0.52‑fold (enRT), respectively. 
To the best of our knowledge, these data demonstrate for the 
first time, the novel inhibition activity of tinzaparin against 
ROS‑ and VEGF‑induced VL30 retrotransposition, and the 
proliferation and/or aggregation of mouse HC11 mammo‑
sphere/tumor‑initiating CSCs, thus contributing to the 
inhibition of VL30 retrotransposition‑induced primary tumor 
growth.

Introduction

The association between thrombosis and cancer is well 
established; 25% of patients with cancer suffer from venous 
thromboembolic complications, the second most common 
cause of cancer‑related death  (1). Low molecular weight 
heparins  (LMWHs) are currently used for antithrombotic 
treatment (2,3); antithrombin limits the coagulation process, 
while its anticoagulant activity is stimulated by heparin (4). 
Tinzaparin is a LMWH‑anticoagulant used for the treatment 
of deep vein thrombosis (5), and is recommended for optimum 
antithrombotic interventions in the secondary prophylaxis of 
cancer patients (6) with renal failure (7) and brain tumors (8). 
Several studies (9‑17), reviewed for experimental models (18), 
have shown the anticancer properties of tinzaparin However, 
in local tumor growth, tinzaparin failed to impede cellular 
proliferation in an in vitro model of human breast cancer 
cells (11). Furthermore, it has been reported that tinzaparin has 
no effect on primary tumor growth in the B16F10 metastasis 
model, and that non‑anticoagulant heparin inhibits metastasis, 
but not primary tumor growth (19).
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Tumor growth and metastatic potential are angiogen‑
esis‑dependent (20), and VEGF is a major angiogenic growth 
factor involved in human tumors and angiogenic diseases (21). 
In addition to the potent inhibition of angiogenesis  (15), 
tinzaparin also has an important effect on tumorigenesis 
and metastasis. Specifically, in the B16 melanoma‑injectable 
model of metastasis, treatment of mice with tinzaparin for 4 
h prior to injection of melanoma cells, or daily administra‑
tion for 14 days, was shown to reduce lung tumor formation 
by 89 and 96%, respectively  (14). Furthermore, tinzaparin 
has been reported to inhibit the extracellular vesicle‑induced 
migration of carcinoma cells (22), as well as pancreatic tumor 
growth and metastasis  (23). Finally, tinzaparin also has 
effects at the nuclear level, modulating (among other diverse 
processes) the expression of genes that regulate transcrip‑
tion and chromatin modification in human A2780cis ovarian 
cancer cells; notably, tinzaparin treatment caused marked 
transcriptional reprogramming of 3,776 tinzaparin‑regulated 
genes, and antagonized cisplatin‑resistance (17).

Epithelial‑mesenchymal transition (EMT) is an important 
process involved in cancer progression, influencing cellular 
invasion and metastasis. During EMT, epithelial cells lose 
polarity and cell‑to‑cell contact, which is accompanied by 
cytoskeleton remodeling, and the acquisition of migratory 
properties, as well as a mesenchymal‑like profile of gene expres‑
sion (24,25). In addition to the induction of angiogenesis, VEGF 
also induces EMT in human pancreas carcinoma cells (26). 
Strong evidence suggests a link between EMT and cancer stem 
cells (CSCs) (27,28), and human breast tumors characterized by 
a small population of CSCs are also termed as tumor‑initiating 
cells (29). Furthermore, a number of EMT‑related properties of 
CSCs have been shown to be associated with the establishment 
of breast cancer metastasis (27).

Retrotransposons are DNA sequences that constitute 
~45% of the human and mouse genome, and play a crucial 
role in nuclear organization, structure and evolution  (30). 
Categorized as long terminal repeat  (LTR) and non‑LTR 
subtypes, retrotransposons are mobilized in the genome by 
the intracellular process of retrotransposition. LTR retrotrans‑
position requires a retrotransposon RNA‑intermediate, which 
upon reverse transcription to cDNA, is integrated into a new 
genomic site (31). Retrotransposition is a potent mutagenic 
phenomenon, as new retrotransposon copy integrations 
can inactivate or deregulate the expression of nearby genes. 
Currently, 124 independent retrotransposon insertions have 
been correlated with 65 human diseases, including cancer (32). 
Retrotransposition is a rare phenomenon that occurs at a low 
frequency of up to 10‑6 events/cell in each cell generation (33). 
Low‑rate retrotransposition events mainly occur during oogen‑
esis and embryogenesis (34,35), while induced or uncontrolled 
retrotransposon mobility occasionally result in the onset of 
genetic diseases or tumorigenesis (35).

VL30 elements  (VL30s) are a family of endogenous 
retrovirus‑like LTR‑retrotransposons, present in the mouse 
and rat genomes. Their internal sequences bear multiple 
stop codons, and with a lack of protein coding capacity (36), 
VL30s are non‑infectious. VL30 transcripts form a complex 
with the poly‑pyrimidine tract binding protein‑associated 
splicing factor  (PSF), and upregulate gene expression and 
proto‑oncogene transcription, as well as affecting embryo- 

genesis and steroidogenesis (37). Furthermore, the PSF/VL30 
RNA complex promotes cellular proliferation and oncogen‑
esis (37). VL30 LTRs bear a large number of common and 
unique transcription factor binding sites, which may justify the 
versatile and tissue‑specific expression of VL30 RNA, as well 
as its upregulation by various or pleiotropic stimuli, respec‑
tively (38) (for example; histone phosphorylation, acetylation 
and DNA demethylation)  (39). VL30 transcription is also 
induced by the Simian virus 40 large T antigen (40) and heavy 
metals (41,42), as well as steroid hormones, 5'‑azacytidine, 
C2‑ceramide and a mouse dominant‑negative p53 gene (43). 
Transcriptional induction by various inducers is a prominent 
feature of VL30s, classified as early response genes (36). In 
reference to the mutagenic or deleterious effects of retrotrans‑
position, induction of VL30 retrotransposition has been 
associated with cytotoxicity (44) and cell death (45). Notably, 
our previous study revealed VL30 retrotransposition induced 
by either arsenic (42) or H2O2 (44) is effectively reduced by the 
anti‑oxidant N‑acetylcysteine (NAC).

Previously, VL30 retrotransposition in mouse HC11 epithe‑
lial mammary cells (with stem‑like properties) was reported 
in association with induced EMT, CSC generation and tumor 
growth (46). Since tinzaparin modulates the expression of 
a large number of genes (17), and LTR‑retrotransposition is 
accomplished through a retrotransposon RNA‑intermediate, 
the aim of the present study was to establish whether tinza‑
parin also affected VL30 retrotransposition. Applying a 
previous model of HC11/VL30 retrotransposition (40), the 
current study indicates novel activities of tinzaparin as 
an anti‑oxidant, anti‑VEGF and anti‑retroviral agent for 
the inhibition of VL30 retrotransposition. Furthermore, 
tinzaparin was shown to cause both disaggregation and 
proliferative inhibition of VL30 retrotransposition‑induced 
mammosphere/tumor‑initiating CSCs, suggesting an inhibition 
of VL30 retrotransposition‑induced tumorigenesis.

Materials and methods

Cell lines, cloning and treatments. HC11 cells are immortal‑
ized mouse mammary epithelial cells (47) originating from 
mid‑pregnancy BALB/c mice, with stem‑like or progenitor 
cell properties  (48). HC11  cells were cultured in RPMI 
1640 medium containing 10%  FBS, 2  mM L‑glutamine, 
5 mg/ml insulin, 10 ng/ml EGF (47), 100 units penicillin and 
100 µg/ml streptomycin (all Thermo Fisher Scientific, Inc.) 
at 37˚C in an incubator supplemented with 5% CO2. A total of 
2.5x105 HC11 cells were transfected at room temperature with 
2.5 µg of our previously constructed pNVL‑3*/EGFP‑INT 
DNA (40) using the PolyFect® transfection reagent (Qiagen, 
Inc.), and then cultured for 16 h under cell culture conditions. 
Hygromycin B‑resistant cell clones were isolated following 
application of 100 µg/ml hygromycin B for 18 days. Isolated 
clone cells were further cultured for 20 days in cell culture 
treated flasks (Corning, Inc.), and used for subsequent experi‑
mentation. Notably this plasmid harbors a recombinant VL30 
element tagged with an EGFP gene‑based retrotransposi‑
tion indicator cassette, and the expression of EGFP protein 
occurs solely after a retrotransposition event. Thus, VL30 
retrotransposition‑positive cells can be enumerated by flow 
cytometry  (40). Our previously isolated Pcl.10  cell clone 
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derived from NIH3T3 mouse embryo fibroblasts trans‑
fected with pNVL‑3*/EGFP‑INT  (40), as aformentioned. 
Pcl.10 cells were cultured in Dulbecco's modified Eagle's 
medium  (DMEM) supplemented with 10%  FBS, 2  mM 
glutamine and antibiotics (100 units penicillin and 100 µg/ml 
streptomycin, and maintained as aforementioned. Serum star‑
vation was performed in serum‑free medium for 24  h at 
37˚C. Recovery of 30% confluency HC11 cells treated with 
1‑ or 2 IU tinzaparin pre‑incubation for 3 h, and/or 40 pg/ml 
glucose oxidase (GO) for 24 h, was performed by washing the 
cells twice with RPMI 1640 medium at room temperature. 
Tinzaparin sodium (syringe 10,000 anti‑factor Xa  IU/ml) 
was obtained from LEO Pharma A/S, and appropriate dilu‑
tions were made with culture medium. VEGF treatment at 
3‑12 ng/ml was performed in both HC11 and Pcl.10 cells with 
mouse recombinant VEGF A (ImmunoTools GmbH) 24 h 
after serum starvation. Tinzaparin and/or VEGF treatment 
was performed at 37˚C.

Paraformaldehyde fixation and observation of EGFP/VL30 
retrotransposition‑positive cells. HC11  cl.11 assay cells 
cultured at the desired confluence on sterilized glass cover‑
slips were fixed with 3.7% paraformaldehyde for 30 min on 
ice. Then coverslip‑samples mounted onto microscope slides 
were observed and photographed under normal or UV light 
(Nikon Eclipse E800 Fluorescent Microscope).

Measurement of VL30 retrotransposition frequency and 
cellular proliferation. All tested hygromycin B‑resistant 
HC11  clone cells were trypsinized, washed with PBS, 
centrifuged at 1,600  x  g for 3  min at room temperature, 
and resuspended in PBS. Samples of 15,000  clone or 
non‑transfected cells (as the negative control) were used to 
determine EGFP‑positivity by flow cytometry, as previously 
described (40). The fluorescence intensity thresholds were 
evaluated using non‑transfected cells, and sample fluores‑
cence ≥99.60% was considered as negative, and 0.4% as false 
positive. Above the false‑positive threshold, samples were 
considered as EGFP‑ or VL30 retrotransposition‑positive. The 
continuous cell proliferation rate (cell index) was measured 
using a microelectronic biosensor system (xCELLigence® 
real‑time cell analysis DP) in E‑plates using 3,500 seeded cells 
in a volume of 60 µl RPMI (supplemented with 10% FBS) for 
up to 80 h. Cellular proliferation was assessed by seeding 
60,000 cells per well (~10% confluent) into a 6‑well plate. 
Cells from three wells were trypsinized, stained with trypan 
blue and counted using a Neubauer hemocytometer every 24 h 
for a period of 5 days (44).

Soft agar‑foci formation assay. The foci formation assay 
was based on a previously described protocol (49). Briefly, 
6‑well plates bearing a 0.66% nobble agar‑base layer (prepared 
in 10% FBS/RPMI medium supplemented with 100 units 
penicillin and 100  µg/ml streptomycin), a 0.33%  upper‑ 
and  0.33%  feeder layer, were used. The upper layer was 
prepared after mixing nobble agar with trypsinized cells from 
either control or test cell groups, in the presence or absence 
of 2 IU/ml tinzaparin, respectively. Dishes were incubated at 
37˚C in a 5% CO2 cell culture incubator, and supplemented 
with 200 µl medium every two days to avoid desiccation. The 

examination of dishes for cell foci was formation performed 
with an optical microscope.

Mammosphere preparation from tumorigenic HC11 cl.19 cells. 
For mammosphere preparation, VL30 retrotransposition‑​
tumorigenic HC11  cl.19  cells cultured in normal culture 
plates were trypsinized and seeded into non‑adherent plates 
at 30% density. Following 20 days of culture, the cells were 
replenished with RPMI‑1640 medium every 2 days, and the 
resulting anchorage‑independent/floating mammospheres in 
the culture medium were collected using a pipette for further 
use.

DNA lysate preparation and PCR analysis. A total of 
1.5x106 HC11 cl.19 cells were trypsinized, washed with PBS 
and centrifuged at 1,600 x g for 3 min at room temperature. 
Cell pellets were resuspended in 800 µl PCR wash buffer 
[10  mM Tris‑HCl (pH  8.4), 50  mM KCl, 1.5  mM MgCl2 
and 0.001% (w/v) gelatin], and centrifuged once more. The 
pellets were then gently resuspended in 100 µl PCR lysis 
buffer [10 mM Tris‑HCl pH 8.4, 50 mM KCl, 1.5 mM MgCl2, 
0.001% gelatin, 0.1% (v/v) Triton X‑100, 0.45% (v/v) Nonidet 
P‑40 and 0.45% (v/v) Tween‑20], heated at 80˚C for 10 min, 
cooled at room temperature for 15 min and then treated with 
4 µl proteinase K (10 mg/ml) overnight at 55˚C. Following heat 
inactivation at 95˚C for 15 min, the samples were centrifuged 
at 1,600 x g for 3 min at room temperature, and the super‑
natant, representing an extracted DNA lysate, was collected. 
A volume of 3‑5 µl DNA lysate was used for PCR analysis. 
PCR reactions were performed using 2.5 units Taq polymerase 
(Invitrogen; Thermo Fisher Scientific, Inc.) in a final volume of 
50 µl, with specific EGFP primers: GFP968 forward, 5'‑GCA​
CCA​TCT​TCT​TCA​AGG​ACG​AC‑3', and GFP1013 reverse, 
5'‑TCT​TTG​CTC​AGG​GCG​GAC​TG‑3' (50) using conditions 
previously reported (40).

Semi‑quantitative reverse transcription (RT)‑PCR analysis. 
Quantitation of endogenous reverse transcriptase (enRT) and 
VL30 transcripts was performed by RT‑PCR. Total RNA was 
extracted from untreated cells, cells treated with VEGF alone 
or VEGF/tinzaparin using a RNeasy Mini Kit (Qiagen, Inc.). 
Subsequently, 100 ng cDNA was prepared from 1 µg total 
RNA. A set of degenerate primers designed to target the enRT 
conserved domains (4 and 5 amino acid sequences identi‑
fied in the amino‑terminal coding regions of most known 
enRT polymerases including that of the Moloney murine 
leukemia virus) (51), as well as a set of previously reported 
VL30‑specific primers: Forward, 5'‑CCT​TTG​TTG​CCC​AGG​
TAA​GTC‑3' and reverse, 5'‑CAC​TGT​AGC​CAG​TTG​TGA​
CCA​G‑3' (52). mRNA expression of the mouse β‑actin gene 
was quantitated using the following primers: β‑actin forward, 
5'‑TTG​CTG​ACA​GGA​TGC​AGA​AG‑3' and reverse, 5'‑ACA​
TCT​GCT​GGA​AGG​TGG​AC‑3'. The enRT thermocycling 
conditions were as follows: 94˚C for 4 min; 27 cycles of 94˚C 
for 30 sec, 50˚C for 45 sec, and 72˚C for 2 min; and 72˚C for 
2 min. The VL30 thermocycling conditions were: 94˚C for 
4 min; 30 cycles of 94˚C for 30 sec, 57˚C for 30 sec and 72˚C 
for 2 min; and 72˚C for 2 min. Finally, the β‑actin conditions 
were: 94˚C for 4 min; 27 cycles of 94˚C for 30 sec, 57˚C for 
30 sec, and 72˚C for 1.5 min; and 72˚C for 2 min. All PCR 
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products were fractionated using 1.2% (w/v) agarose gels, 
stained with ethidium bromide (EtBr), and visualized under 
ultraviolet light. enRTs and VL30 RNA expression values were 
normalized to that of β‑actin, and densitometric analysis was 
performed using Fiji (ImageJ2) software (National institutes 
of Health).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version  5.0 (GraphPad Software, Inc.). 
Comparisons between multiple groups of retrotransposition 
frequency values were determined by one‑way ANOVA 
followed by the Tukey's post hoc‑test. A paired Student's t‑test 
was used to assess statistically significant differences between 
two groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Isolation and characterization of VL30 retrotranspo‑
sition‑positive HC11  clones. In a previous study, VL30 
retrotransposition‑positive HC11 cell clones were generated, 
exhibiting an induced EMT phenotype, CSC properties and 
solid tumor production in syngeneic Balb/c mice (46), and 
with a retrotransposition frequency of ~2‑5.5%. Notably, as 
HC11 cells possess stem‑like properties, the occurrence of 
retrotransposition events could be explained by their hypo‑
methylation status  (46), as has been suggested for human 
stem cells (53). To examine the effect of tinzaparin and/or 
VEGF treatment on VL30 retrotransposition, new clones were 
isolated with a retrotransposition frequency of 7‑15%, allowing 
a more accurate measurement of retrotransposition changes, 
especially in the case of inhibition.

Following transfection with pNVL‑3*/EGFP‑INT, 
20 hygromycin B‑resistant HC11 clones were isolated. Using 
non‑transfected HC11 cells as the control, the isolated clones 
were flow cytometrically examined for retrotransposition 
positivity, as exemplified for clone 11 (Figs. S1A and S2). 
Among all clones examined, a set of seven clones (cl.) exhib‑
ited the following percentages of retrotransposition frequency: 
cl.12, 7%; cl.15, 8%; cl.6 and cl.9, ~9%; cl.11, 11.5%; cl.5, 12%; 
and cl.17, 15.2%, falling within the range of 7‑15.2% (Fig. S1B). 
PCR analysis confirmed retrotransposition‑positivity at the 
genomic level in four representative clones, through the diag‑
nostic intron‑less 342 bp band [indicative of a retrotransposition 
event  (40) (Fig. S1C)]. Furthermore, microscopic observa‑
tion revealed two common VL30 retrotransposition‑derived 
features, as shown for representative cl.11 (Fig. S3): i) An 
expected VL30 retrotransposition‑induced EMT pheno‑
type  (46) observed at low confluence (Fig.  S3B); and 
ii) cytoplasmic EGFP fluorescence (Fig. S3D), confirming the 
occurrence of VL30 retrotransposition events (40), associated 
with genomic instability manifested by multinucleated cells 
bearing enlarged cytoplasm, in cell clusters formed at high 
confluence (Fig. S3C). Thus, isolated clones with a retrotrans‑
position value of 7‑15.2% may be used for studying factors that 
modulate the frequency of VL30 retrotransposition.

Tinzaparin inhibits VEGF‑induced VL30 retrotransposi‑
tion in HC11 cells. To address the potential role of VEGF 
and/or tinzaparin treatment on VL30 retrotransposition, 

HC11 cl.17 cells were initially cultured in serum‑free medium 
for 24 h to exclude the presence of serum associated‑VEGF. 
Following serum starvation for 24 h, (a condition used in all 
subsequent treatments), the retrotransposition frequency of 
HC11 cl.17 cells was increased from 15.2 to 29% (Fig. 1A). 
Then, HC11 cl.17 cells were serum‑starved in the absence 
or presence of 3, 6 or 12 ng/ml VEGF for 24 h and their 
retrotransposition was compared with serum‑starved cells 
without VEGF as the control, VEGF treatment increased 
retrotransposition in a dose‑dependent manner in all cases 
(Fig. 1A). The level of retrotransposition under serum star‑
vation (29%) increased in the presence of increasing VEGF 
concentrations (3, 6 and 12 ng/ml) to 30.4, 33.4 and 40.3% 
corresponding to a net VEGF‑dependent induction of 1.4, 4.4 
and 11.3%, respectively.

To investigate the action of tinzaparin on VEGF‑induced 
VL30 retrotransposition, serum‑starved cells were initially 
pre‑incubated with 2 IU tinzaparin/ml for 4 h, and then treated, 
in the presence of tinzaparin, with 3, 6 or 12 ng/ml VEGF 
for 24 h. Compared with those treated with VEGF alone, the 
retrotransposition frequencies of tinzaparin/VEGF‑treated 
samples were significantly reduced. Specifically, at 
3,  6  and  12  ng/ml  VEGF, tinzaparin reduced retrotrans‑
position frequency from 30.4 to 28.7%, 33.4 to 24.6%, and 
40.3 to 18.3%, respectively, corresponding to a net reduction 
in retrotransposition frequency of 1.7, 8.8 and 22% (Fig. 1A).

Next, the effects of tinzaparin pre‑incubation time on the 
inhibition of retrotransposition were assessed using treat‑
ment times <4 h. HC11 cl.17 cells were pre‑incubated with 
2 IU tinzaparin/ml for 0.5, 1, 2 or 4 h, and then treated with 
12 ng/ml VEGF for 24 h. Using the 39.42% retrotransposition 
frequency of tinzaparin‑untreated cells as the control, tinza‑
parin reduced VEGF‑induced retrotransposition frequency 
in a time‑dependent manner (Fig. 1B). At 0.5, 1, 2 and 4 h, 
respective retrotransposition frequencies of 36.1, 32.2, 26.3 
and 18.7% were recorded, corresponding to a net inhibition of 
8.37, 18.27, 33.24 and 52.53%.

In preliminary experiments, a higher concentration of 
VEGF (i.e. 15 compared with 12 ng/ml) induced an even greater 
retrotransposition frequency than the 40.3% presented in Fig. 1 
(data not shown). It was concluded that: i) 40.3% induced 
retrotransposition was suitable enough to reliably document 
the effects of tinzaparin with VEGF treatment; and ii) such 
a high value (40.3%) was adequate to more accurately assess 
the effectiveness of tinzaparin, especially at low concentra‑
tions (such as the 1 or 2 IU used), and to retain HC11 cell 
functionality at this level of VEGF‑derived retrotransposi‑
tion, as a higher VEGF concentration may induce many 
more mutations [since 1% induced retrotransposition equates 
to an additional ‘retrotransposition burden’ of  1000‑fold 
genome‑mutations/cell (33)]. Collectively, these data revealed 
that tinzaparin was effective in simultaneously reducing 
serum‑starved/VEGF‑induced VL30 retrotransposition.

Tinzaparin inhibits VEGF‑induced VL30 retrotransposition 
in NIH3T3  cells. The aforementioned data prompted the 
investigation of VEGF and/or VEGF/tinzaparin treatment on 
cell types other than epithelial HC11 mammary progenitors. 
A previously generated VL30 retrotransposition‑positive 
clone (Pcl.10), derived from mouse NIH3T3 fibroblast cells, 
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was used. Notably, Pcl.10 is a hygromycin B‑resistant NIH3T3 
fibroblast clone, isolated as HC11 clones, but VL30 retrotrans‑
position events are elicited solely following a stimulus such 
as the SV40 large  T antigen  (40), heavy‑metal vanadium 
(VOSO4) (41) or arsenic (42). Serum starvation for 24 h induced 
VL30 retrotransposition frequency by 2.4%, compared with 
non‑serum starved Pcl.10 cells. Furthermore, treatment with 
12  ng/ml further increased retrotransposition frequency 
to 7.44% (Fig. S4), corresponding to a net increase of 5.04%. 
Notably, VEGF concentrations up to 50 ng/ml did not increase 
retrotransposition frequency further (data not shown). Then, 
Pcl.10 cells were pre‑incubated with 2 IU tinzaparin/ml for 
0.5, 1, 2 or 4 h, and then treated with 12 ng/ml VEGF for 24 h. 
Of note, 7.44% VEGF‑induced retrotransposition frequency 
(used as control), was inhibited in a time‑dependent manner 
to 6.5, 4.75, 3.8 and 2.45%, respectively (Fig. S4). The use 
of Pcl.10 cells showed that the reduction of VEGF‑induced 
retrotransposition by tinzaparin is not limited to mouse 
mammary epithelial stem‑like HC11 cells.

Tinzaparin inhibits oxidative stress‑induced VL30 retrotrans‑
position in HC11 cells. Serum starvation has been reported to 
induce the production of reactive oxygen species (ROS) in pros‑
tate cancer cell lines (54), and our previous study showed that 
H2O2‑derived oxidative stress induces VL30 retrotransposition 
of NIH3T3 fibroblast Pcl.10 clone cells to a high level (44). 
Therefore, the effect of oxidative stress on HC11 retrotrans‑
position, and whether it is affected by tinzaparin treatment, 
was investigated in the present study. VL30 retrotransposition 
signals activation of a caspase‑independent and p53‑dependent 
death pathway (45), while HC11 cells, harboring a mutated p53 
gene (55), alleviated cell death allowing the measurement of 
high retrotransposition frequencies.

In the present study, HC11 cl.17  cells (Fig. S1B) were 
initially treated with 5‑40 pg/ml GO for 24 h, and retrotrans‑
position frequency was measured after a 48 h recovery in 
normal medium, using non‑treated cells as the control. At 

10‑40  pg/ml GO, the 15.2%  nominal retrotransposition 
frequency of HC11  cl.17  cells was further increased in a 
concentration‑dependent manner, up to ~82.5% at 40 pg/ml 
(Fig. 2A). Next, considering that 40 pg/ml GO strongly induced 
VL30 retrotransposition, HC11 cl.17 cells were pre‑incubated 
with 1 or 2 IU/ml tinzaparin for 3 h, then treated with 40 pg/ml 
GO for 24 h. Pre‑incubation with 1 IU‑ or 2 IU/ml tinzaparin 
reduced the ~82.5% GO‑induced retrotransposition frequency 
to respective values of 69  and  57%, corresponding to a 
13.5 or 25.5% level of inhibition (Fig. 2B). The data indicate 
that tinzaparin, reducing GO‑induced retrotransposition, acts 
as an anti‑oxidant agent.

Tinzaparin inhibits CSC features of VL30 retrotransposition‑​
positive HC11 cells. Our previous study reported that VL30 
retrotransposition‑positive HC11 cells acquire tumorigenic 
features such as a high rate of proliferation, induced‑EMT 
phenotype and anchorage‑independent mammosphere 
formation (46). These findings prompted the investigation of 
tinzaparin on the features of VL30 retrotransposition‑positive 
HC11 cells.

Using both the previously well‑characterized HC11 cl.19 
for its retrotransposition‑induced CSCs and mammosphere 
formation properties (46), and HC11 cl.15 from the present 
study, the effect of tinzaparin on HC11 cell proliferation rate 
was initially examined. Trypsinized cells from these clones 
were subjected to real‑time cell analysis in the absence or 
presence of 2 IU/ml tinzaparin for up to 80 h, using normal 
HC11 cells as the control. In the absence of tinzaparin, the 
continuous proliferation rate of both retrotransposition‑positive 
clones was markedly higher than that of the control cells, but 
was inhibited to varying degrees in the presence of tinzaparin 
(Fig. 3A). However, the tinzaparin‑induced reduction of prolif‑
eration was retained up to 60 h, as previously observed (46), 
most probably due to the continuous cell proliferation in the 
absence of culture media replenishment. To quantify the 
inhibitory effect of tinzaparin on cell proliferation at longer 

Figure 1. Tinzaparin inhibits serum starved‑ and VEGF‑induced VL30 retrotransposition. (A) Retrotransposition‑positive HC11 cl.17 cells were either 
untreated; serum starved and treated with VEGF; or serum starved, pre‑incubated with tinzaparin and then treated with VEGF. (B) Retrotransposition‑positive 
HC11 cl.17 cells were either serum starved and treated with VEGF, or serum starved, pre‑incubated with tinzaparin and then treated with VEGF. Data 
are presented as the mean ± SD, duplicate samples from three independent experiments. *P<0.05, **P<0.01 and ***P<0.001; one‑way ANOVA followed by 
Tukey's test. Ser. starvat, serum starvation; Tinz, tinzaparin.
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time‑points, cells from each clone were cultured in the absence 
or presence of 2  IU/ml  tinzaparin, and counted daily for 
5 days. Tinzaparin inhibited the proliferation of both clones 
in a time‑dependent manner, reaching up to ~55 and ~60% for 
clones 19 and 15, respectively, at day 5 (Fig. 3Ba and b).

VL30 retrotransposition‑positive HC11 clones produce 
CSCs forming anchorage‑independent mammospheres (46); 
therefore their ability to produce cell foci in semi‑solid media, 
and whether this is affected by tinzaparin, was assessed. 
Trypsinized cells from either normal HC11 or HC11 cl.19 
cultures were maintained for three weeks in soft‑agar plates 
containing normal RPMI medium. While normal HC11 cells 
were not capable of forming foci (Fig.  4, left panel), the 
respective HC11 cl.19 cells produced large expanding foci 
(Fig. 4, middle panel). Furthermore, in the presence of 2 IU/ml 
tinzaparin, the resultant foci were smaller in size (Fig. 4, right 
panel).

Next, the effect of tinzaparin on mammosphere formation 
was investigated. HC11 cl.19 cells were seeded into normal 
culture dishes and their growth was monitored. 10  days 
after reaching full confluence, multinucleated cells bearing 
cytoplasmic vacuoles were observed, as well as cell clusters 
with emerging mammospheres (Fig. 5Aa, arrows). In parallel, 
examining growth in non‑adherent culture dishes for 20 days, 
the formation of large spheroid cell masses, or mammospheres 
floating in the culture medium, was apparent (Fig. 5Ab). Next, 
selected mammospheres transferred into fresh dishes were 
further cultured in the presence of 2 IU/ml tinzaparin for two 
or three weeks. After two weeks of tinzaparin administra‑
tion, substantially reduced mammosphere‑size, accompanied 
by a small number of either disaggregated floating or single 
mammosphere cells attached to the culture dish, were observed 
(Fig. 5Ba and b). Notably, after three weeks, the effect of tinza‑
parin was augmented, as even smaller‑sized mammospheres 
were observed, and the vast majority of single disaggregated 
mammosphere cells were attached to the dish, bearing a clear 
mesenchymal phenotype (Fig. 5Bc and d).

Since tinzaparin resulted in mammosphere disaggrega‑
tion, the potential link between tinzaparin and the modulated 
retrotransposition of disaggregated cells was investigated. 
Compared with untreated HC11 cl.19 cells, the retrotrans- 
position frequency of disaggregated HC11  cl.19 mammo‑
sphere‑derived mesenchymal‑like cells was assessed after 
treatment with 2 IU tinzaparin for 3 weeks. The retrotrans‑
position frequency was reduced by 49.7% compared with the 
control, namely from their nominal HC11 cl.19 retrotransposi‑
tion value of 21.1, to 10.5% (Fig. 5C). Collectively, these data 
link the inhibitory effect of tinzapapin on VL30 retrotranspo‑
sion frequency with the inhibition of cellular proliferation, 
reduction of cell foci size, and the disaggregation of mammo‑
spheres of tumorigenic VL30 retrotransposition‑positive 
HC11 cells.

Tinzaparin inhibits the RNA expression of VL30s and 
endogenous reverse transcriptase retroviral genes. The 
retrotransposition of autonomous LTR‑retrotransposons 
requires a retrotransposon RNA‑intermediate, and the activity 
of a functionally self‑encoded reverse transcriptase  (31). 
To investigate the effect of tinzaparin on the inhibition of 
VL30 retrotransposition in HC11  cells, semi‑quantitative 
RT‑PCR analysis was used to quantity transcription of 
the retrotransposon RNA‑intermediate and/or various enRT 
gene transcripts.

cDNAs were prepared from normal HC11 cl.19 cells used 
as control, as well as HC11 cl.19 cells treated with either 
tinzaparin or VEGF alone, or pre‑incubated with tinzaparin 
and then treated with VEGF for 24 h. Fractionation of PCR 
products revealed a primary 371 bp band of transcriptionally 
active VL30s, as well as a smear of enRTs transcripts repre‑
senting transcriptional active enRT genes, mostly in the range 
of 1,000‑200 bp (Fig. 6A). While 2 IU/ml tinzaparin for 2 h 
had almost no effect on VL30 RNA expression, the relative 
expression of enRTs was inhibited ~0.23‑fold in comparison 
to the control (arbitrarily considered as 1‑fold). Notably, at 

Figure 2. Tinzaparin inhibits the GO‑induced VL30 retrotransposition frequency of HC11 cl.17 cells. (A) HC11 cl.17 cells, with a 15.2±0.3% nominal 
retrotransposition frequency, were treated with 5‑40 pg/ml GO for 24 h, and retrotransposition frequency was measured by flow cytometry 48 h post‑treatment 
recovery, using N.T. HC11 cl.17 cells as the control. Data are presented as the mean ± SD, with duplicate samples from three independent experiments. 
***P<0.001; one‑way ANOVA followed by Tukey's test. (B) HC11 cl.17 cells were either treated with 40 pg/ml GO for 24 h, or pre‑incubated with 1‑ or 2 IU 
tinzaparin for 3 h and then treated with 40 pg/ml GO for 24 h. N.T. cells or treated cultures were assessed for EGFP‑positivity by flow cytometry. Overlaid 
green circumscribed‑solid blue and yellow histograms represent fluorescence of control and tinzaparin/GO‑treated HC11 cl.17 cells, respectively. M1 and 
M2 gates correspond to arbitrarily set fluorescence intensity thresholds, up to 99.60% considered as negative and 0.4% false positive. The indicated percentage 
values with standard error ± SE shown inside the histogram panels represent net retrotransposition frequencies, subtracting a 0.4% self‑fluorescence percentage 
(false positive at M2). Percentage of retrotransposition values shown on the left, middle and right panels, respectively, are the mean ± SE of duplicate samples 
from three independent experiments. GO, glucose oxidase; N.T., non‑treated; n.s., not significant.
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4 h of tinzaparin treatment, the RNA expression of VL30s 
was inhibited ~1.15‑fold, while that of enRTs was further 

inhibited 0.40‑fold. Regarding cell treatment, 12 ng/ml VEGF 
alone induced RNA expression of VL30s and enRTs of 
~1.41‑  and  1.16‑fold. However, 4  h pre‑incubation with 
2 IU/ml tinzaparin, followed by 12 ng/ml VEGF, inhibited both 
relative RNA expression of VL30s and enRTs at the level of 
0.60‑ and 0.52‑fold, respectively, compared with control levels 
(Fig. 6A and B). Given that a 4 h tinzaparin pre‑incubation 
simultaneously inhibited the VEGF‑induced RNA expression 
of both VL30s and enRTs, the data indicate that tinzaparin 
acts rapidly as an anti‑retroviral drug inhibiting the necessary 
VEGF‑induced transcripts required for a retrotransposition 
event.

Discussion

The principal finding of the present study was the inhibitory 
effect of the angiogenic inhibitor tinzaparin (15) on VL30 
retrotransposition, induced either by VEGF or oxidative 
stress, in mouse cells. VEGF‑induced retrotransposition was 
documented using two different cell types: HC11 epithelial 

Figure 3. Tinzaparin decreases the proliferation rate of VL30 retrotransposition‑positive HC11 cells. (A) Real‑time cell analysis of tinzaparin‑treated VL30 
retrotransposition‑positive HC11 cell proliferation. Normal HC11 (as the control), or HC11 cl.15 or cl.19 cells were cultured in the presence or absence of 
2 IU tinzaparin/ml, and continuous proliferation was recorded for an 80‑h period. Cell index on the Y‑axis refers to the cell proliferation rate. (B) Quantification 
of cell proliferation rate by hemocytometer. HC11 cl.19 or cl. 15 cells were treated with 2 IU tinzaparin/ml for 5 days, and counted by hemocytometer. Cell 
number on each day is the mean ± SD of three independent measurements from three experiments. *P<0.05, **P<0.01 and ***P<0.001. Tinz., tinzaparin; n.s., not 
significant.

Figure 4. Tinz inhibits foci formation of tumorigenic VL30 retrotranspo‑
sition‑positive HC11 cells in semi‑solid media. Petri dishes were prepared 
with an upper layer containing 400,000 cells deriving from either HC11 
or HC11 cl.19 cells in the presence or absence of 2 IU/ml Tinz. Images 
captured after 3 weeks of culture (magnification, 10x) are representative of 
three respective samples. White arrows in the middle and right panels indi‑
cate large and small sized‑cell foci, respectively. Tinz, tinzaparin.
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mammary stem‑like cells and NIH3T3 fibroblasts. Serum star‑
vation of HC11 cl.17 cells (Fig. S1B) increased their nominal 
retrotransposition value (15.2%) to 29% (Fig. 1A). In addition, 
this frequency (in the absence of serum‑containing VEGF) 

was further increased by VEGF treatment in a dose‑dependent 
manner (Fig.  1A). A second line of evidence, clarifying 
and confirming the effect of VEGF on induction of VL30 
retrotransposition, was obtained with NIH3T3 Pcl.10 cells 
(without pre‑existing retrotransposition), where inducible 
VL30 retrotransposition is achieved solely after an external 
stimulus  (35‑37). In particular, while serum‑starvation of 
Pcl.10 cells elicited 2.4% retrotransposition, this was further 
increased to 7.44% with 12 ng/ml VEGF, attributed to both 
serum‑starvation and VEGF (Fig. S4). A third finding was 
that VEGF treatment of non‑serum starved HC11 cl.19 cells 
significantly augmented VL30 and enRT RNA expression 
(Fig.  6, lane 4), required for the retrotransposition event. 
Thus, we hypothesize that VEGF is an effective inducer of 
VL30 retrotransposition in both breast epithelial stem‑like 
cells and mouse fibroblasts, and that its action is intensified 
by serum starvation. Of note, VEGF is expressed in a wide 
variety of tumors, including human breast carcinoma (56), 
and transformed serum‑starved v‑H‑ras or v‑raf NIH3T3 cell 
lines express increased levels of VEGF mRNA and protein, 
compared with untransformed cells (57). These data imply that 
endogenous VEGF expression in HC11 cl.17 cells, similar to 
tumorigenic HC11 cl.19 cells (39), is involved either in their 
nominal, serum starvation‑ and exogenous VEGF‑induced 
retrotransposition. By contrast, only serum starvation may be 
linked with endogenous VEGF expression‑ and serum starva‑
tion/VEGF‑induced retrotransposition in NIH3T3 Pcl.10 cells 
(Fig. S4). To the best of our knowledge, the present study was 
the first such investigation in HC11 retrotransposition‑positive 
cells and serum‑starved NIH3T3 cells, thus the respective 

Figure 5. Tinz treatment elicits disaggregation of growing tumorigenic VL30 
retrotransposition‑positive HC11 cl.19 mammospheres, and is associated with 
retrotransposition inhibition. (A) Confluent HC11 cl.19 cells were cultured 
for an additional 10 days in normal culture dishes (Aa) or for 20 days in 
non‑adherent surface dishes (Ab). Red arrow in panel (Aa) shows outgrowth 
of a single early mammosphere, while turquoise arrows show multinucle‑
ated cells bearing cytoplasmic vacuoles. White arrows in panel (Ab) indicate 
growing mammospheres floating in the culture medium. Magnification, x20 
and x10 in panels (Aa) and (Ab), respectively. (B) Samples of pipette‑collected 
floating mammospheres were further cultured in non‑adherent surface dishes 
in the presence of 2 IU/ml tinzaparin either for two (panels Ba & Bb) or 
three weeks (panels Bc & Bd). White arrows in panels Ba, Bb, Bc and Bd 
indicate small‑sized disaggregated mammospheres, while yellow arrows in 
Ba & Bb indicate single cells, and green arrows in Bc & Bd, dish‑attached 
mesenchymal‑like cells. Magnification, x10. (C) Samples of cells from either 
non‑treated HC11 cl.19 cultures or disaggregated HC11 cl.19‑mammosphere 
cells treated with 2 IU tinzaparin for 3 weeks, were flow cytometrically 
assessed for EGFP‑positivity cells. Relative growth media of (B) and (C) 
assays, in the presence or absence of tinzaparin, were replenished every 
3 days. Columns represent the mean value of retrotransposition frequen‑
cies ± SD, of duplicate samples from three independent experiments. Paired 
sample Student's t‑test. Tinz., tinzaparin.

Figure 6. Tinzaparin inhibits the RNA expression of VL30 and enRT 
genes in HC11  cl.19  cells. (A)  Low‑confluence HC11  cl.19  cells were 
either untreated (lane 1) or treated with 2 IU/ml tinzaparin for 2 (lane 2) 
or 4 h (lane 3); treated with 12 ng/ml VEGF alone for 24 h (lane 4); or 
pre‑incubated with 2 IU/ml tinzaparin for 4 h and then treated with 12 ng/ml 
VEGF (lane 5). RNA expression was assessed by semi‑quantitative reverse 
transcription‑PCR analysis using either specific VL30 or degenerated enRTs 
primers. (B) Fold‑modulation (‑x or +x) of VL30 or enRT RNA expression 
is the β‑actin‑normalized net mean value subtracted from the respective 
RNA expression value of non‑treated HC11 cl.19 cells (control) (1x, lane 1). 
Each numerical fold‑modulation value is the mean of three measurements 
performed by densitometric analysis from three separate experiments. 
enRT, endogenous reverse transcriptase.
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level of endogenous VEGF expression remains for detailed 
future investigation.

Regarding oxidative stress, concentration‑dependent 
GO/H2O2‑induced retrotransposition was observed in 
HC11 cl.17 cells, compared with the nominal retrotransposi‑
tion value (Fig. 2A). This supports a previous study showing 
strong H2O2‑induced VL30 retrotransposition in Pcl.10 fibro‑
blasts  (44). Furthermore, considering HC11 cl.17  cells as 
tumorigenic (as the respective HC11 cl.19 cells)  (39), and 
that tumor cells produce ROS (46), this explains the nominal 
retrotransposition of HC11 cl.17 cells. Accordingly, the strong 
GO/H2O2‑induced retrotransposition was apparently due to the 
action of exogenously added H2O2, resulting in an increase in 
intracellular ROS in HC11 cl.17 cells. In agreement with these 
findings, the present study revealed that the sum of serum 
starvation and 12 ng/ml VEGF‑induced retrotransposition 
in HC11 cl.17 (Fig. 1A) and Pcl.10 cells (Fig. S4) was higher 
than their respective serum starvation‑treatment alone. It is 
known that serum‑starved cells produce ROS, particularly 
H2O2 (54,58), therefore this may underline the contribution 
of serum starvation to the VEGF‑induced retrotransposi‑
tion of HC11 cl.17 and Pcl.10 cells. Finally, in reference to 
the action of VEGF and intracellular H2O2, VEGF‑treated 
HC11 cl.19 cells exhibited an induced VL30 and enRT RNA 
expression (Fig. 6, lane 4) ~1.41‑ and 1.16‑fold, respectively, 
exceeding those by intracellular‑produced ROS (Fig. 6, lane 1). 
Thus, this justifies a higher VEGF‑induced retrotransposition 
frequency compared with that induced by serum‑starvation 
alone in HC11 cl.17 and Pcl.10 cells (Figs. 1A and S3), respec‑
tively. In addition, it is worth noting that oxidative stress and 
VEGF are linked, as intracellular oxidants and extracellular 
H2O2 correlate with the concomitant upregulation of VEGF 
transcription (59), that highlights oxidative stress as a primary 
stimulus of VL30 retrotransposition. Hence, we hypothesize 
that H2O2 per se is a strong inducer of VL30 retrotransposi‑
tion in epithelial stem‑like HC11 cells, and consequently, 
the augmented retrotransposition under serum starvation 
is explained by the cooperation of intracellular H2O2 with 
VEGF activity.

Serum‑starved HC11 cl.17 cells pre‑incubated with tinza‑
parin exhibited significantly reduced retrotransposition at all 
concentrations of VEGF tested. This was most evident with 
12 ng/ml VEGF (inducing 40.3% retrotransposition), which 
was reduced to 18.3% by tinzaparin (Fig. 1A). Furthermore, the 
tinzaparin effect was also time dependent (Fig. 1B). Apparently, 
the similar 18.3‑ and 18.7% lowest values, even lower than the 
29% serum starvation‑induced retrotransposition scored in 
two independent experiments (Fig. 1A and B), corresponding 
to a ~53% mean reduction value, document the strength of 
the tinzaparin effect. In addition, two more lines of evidence 
support this tinzaparin effect. First, tinzaparin pre‑incubation 
of serum starved 12  ng/ml VEGF treated Pcl.10  cells 
reduced their retrotransposition in a time‑dependent manner 
(Fig. S4). Second, a 3 h tinzaparin (1 or 2 IU) pre‑incubation 
of HC11 cl.17 cells reduced their expected (unusually high) 
GO‑induced retrotransposition (Fig. 2B). Overall, given that: 
i) Tinzaparin pre‑incubation strongly reduces VEGF‑ and/or 
oxidative stress‑induced VL30 retrotransposition in epithelial 
HC11 and NIH3T3 fibroblasts; ii) a single 2 IU/ml dose elicits 
a strong reduction of VEGF‑induced retrotransposition; iii) its 

drastic effect emerges rapidly, at a 3‑ to 4 h time point; and 
iv) it acts in a dose‑ and time‑dependent manner; the current 
data highlight tinzaparin as a strong inhibitor of VL30 
retrotransposition.

Based on the mechanism of LTR‑retrotransposition, 
requiring both a homologous retrotransposon‑intermediate 
transcript and RT activity  (31), the action of tinzaparin 
was addressed at the transcription level. In particular, the 
RNA expression of both VL30s and enRTs in untreated 
HC11 cl.19 cells (Fig. 6, lane 1) primarily explains their 
nominal retrotransposition (due to intracellular‑oxidative 
stress), given that these cells are tumorigenic  (46) and 
produce ROS (60). Notably, the inhibitory effect of tinza‑
parin was documented: i)  A direct tinzaparin treatment 
with 2 IU/ml for 4 h inhibited the RNA expression of VL30 
elements and enRT below control levels (Fig.  6, lane 3); 
ii)  their respective induced RNA expression with VEGF 
alone (Fig. 6, lane 4) was also inhibited upon pre‑incubation 
with tinzaparin (Fig. 6, lane 5). Interestingly; and iii) 2 h 
tinzaparin pre‑incubation inhibited only the RNA expres‑
sion of enRTs (Fig. 6, lane 2), which mirrors its rapid effect 
on transcribed enRTs compared with VL30s. These data 
are in line with oxidative stress‑ and/or VEGF‑induced 
retrotransposition inhibited by tinzaparin treatment. 
Furthermore, direct tinzaparin application: inhibited: i) The 
intracellular ROS‑dependent VL30 and enRT RNA expres‑
sion (Fig. 6, lane 3), and retrotransposition of disaggregated 
HC11 cl.19 cell mammospheres (Fig. 5C); ii)  the induced 
retrotransposition (Figs. 1A and S4), attributed to the sum of 
intracellular‑ and serum starvation‑ROS (54); and iii) strong 
retrotransposition induction by extracellular GO/H2O2 
(Fig. 2B). In reference to tinzaparin pre‑incubation, it also 
inhibited both the VEGF‑induced RNA expression of VL30s 
and enRTs (Fig. 6, lane 5), and VEGF‑induced retrotranspo‑
sition of HC11 cl. 17 (Fig. 1) and Pcl.10 cells (Fig. S4). These 
findings support that tinzaparin is an efficient inhibitor of 
VL30 retrotransposition, independently induced by either 
oxidative stress or VEGF, acting at the transcriptional level 
through inhibition of enRT and VL30 RNA expression.

The precise molecular pathways associated with the modu‑
lation of VL30 retrotransposition by oxidative stress, VEGF 
and/or tinzaparin, are unknown. Our previous studies have 
shown that VL30 retrotransposition is induced either by vana‑
dium‑generated H2O2 (41), arsenic‑generated ROS/H2O2 (42) 
or H

2
O2 alone (44). Furthermore, H

2
O2‑induced retrotranspo‑

sition was reported to be inhibited (as in the present study) by 
the anti‑oxidant NAC (42,44), or by the non‑toxic/non‑nucle‑
oside specific reverse transcriptase inhibitors efavirenz or 
etravirine (44). As tinzaparin inhibited the RNA expression 
of VL30 and enRT genes, we hypothesize that tinzaparin acts 
similarly, both as an anti‑oxidant and anti‑retroviral drug.

Recombinant NVL‑3/9 VL30 retrotransposon bears two 
activator protein‑1 (AP‑1) and an NF‑kB transcription factor 
binding motifs at the U3 region of its LTR (38). An intermediate 
amount of ROS activates both NF‑kB and AP‑1 transcrip‑
tion factors  (61), while VEGF also induces the expression 
of AP‑1 family proteins  (62). Therefore, NF‑kB and AP‑1 
pathways may support the serum starvation‑ and/or VEGF 
or ROS/H2O2‑induced VL30 RNA expression required for the 
occurrence of a retrotransposition event. Regarding an active 
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reverse transcriptase, an endogenous VL30‑specific reverse trans
criptase is yet to be identified, since as noncoding RNAs, VL30s 
are non‑autonomous retrotransposons  (36,38). Our previous 
studies have shown that ectopic expression of a MoMLV‑reverse 
transcriptase gene (40), acting in trans‑complementation, induces 
VL30 retrotransposition that is further augmented by H2O2 (41). 
Given that MoMLV primers were included in the degenerate 
primers‑set in the present study (to detect enRT RNA expression), 
this suggests that respective endogenous MoMLV‑RT expression 
may be implicated in induced retrotransposition. While there are 
no data on induced MoMLV‑RT enzyme activity (to the best of 
our knowledge), a possible mechanism may be similar to that 
of telomerase, activated by phosphorylation through the protein 
phosphatase 2‑subunit A, that is implicated in its negative regula‑
tion (63). It is, thus, reasonable to speculate that MoMLV activity 
was activated through the phosphatases known inhibition of 
H2O2 (64). Accordingly, this may endorse the inhibitory effect of 
tinzaparin on oxidative stress‑induced VL30 retrotransposition 
preventing MoMLV‑RT enzyme activation.

The present data support the inhibitory effect of tinzaparin 
on the proliferation of retrotransposition‑positive HC11 cells, 
since tinzaparin‑cultured HC11 cl.19 or cl.15 cells showed 
time‑dependent proliferation inhibition (Fig. 3A) up to ~55 
and ~60%, respectively, at 5 days of culture (Fig. 3Ba and b). In 
addition, the effect of tinzaparin on cell foci and mammosphere 
formation was also shown. As HC11 cl.19 cells are tumorigenic 
CSCs (46), and as CSCs are referred to as tumor‑initiating 
cells (29), the formation of cell foci either in semi‑solid media 
(Fig. 4) or mammospheres in non‑adherent surface dishes 
(Fig. 5Ab) was expected. Regarding cell foci formation, tinza‑
parin treatment led to cellular disaggregation with a reduced 
size of ~3‑6 cells (Fig. 4). This effect was more evident in 
preformed mammospheres, as their treatment produced single 
mesenchymal‑like cells (Fig. 5Bc and d) accompanied by a 
significant inhibition of retrotransposition (Fig. 5C). This shows 
an association between tinzaparin‑inhibited retrotransposi‑
tion and mammosphere disaggregation, without affecting the 
EMT‑induced phenotype (46) of HC11 cl.19 cells. It is thought 
that a low intracellular level of ROS is tightly controlled to 
promote proliferation and survival of stem and progenitor 
cells (65), while enRTs, active in germ cells, embryo and tumor 
tissues, are considered mediators of cellular differentiation and 
proliferation (66). These findings may explain the inhibited 
proliferation and associated retrotransposition caused by the 
anti‑oxidant and/or anti‑retroviral effects of tinzaparin.

The exact molecular mechanisms underlying the dual action 
of tinzaparin on mammosphere‑disaggregation, and proliferative 
inhibition of disaggregated cells, is yet to be elucidated. It appears 
that the cell surface heparan sulfate proteoglycans (HSPGs) are 
implicated in the mammosphere formation of HC11 cl.19 cells 
(Fig. 5Ab), as they most commonly bind to secondary sites on 
cell adhesion molecules, and increase the strength of intercel‑
lular adhesions and cell‑cell stability (67). However, heparin 
potentially inhibits cell‑cell interactions by binding to cellular 
adhesion molecules (68). Hence, we hypothesize that tinzaparin 
interferes with the intercellular adhesion process, resulting in 
mammosphere disaggregation (Fig. 5Bc and d), and reduces 
foci size (Fig. 4). In addition, the proliferation of disaggregated 
cells can be inhibited either by soluble HSPGs, as shown in 
pancreatic cancer cells (69), or by soluble HSPGs or heparin, 

shown in neuroblastoma cells (70). Accordingly, the present 
study supports that, in addition to its anti‑oxidant/anti‑retroviral 
effects, tinzaparin (as a low molecular weight heparin) stimu‑
lates the production of soluble HSPGs, which in turn inhibit the 
proliferation of disaggregated tumorigenic HC11 cl.19 cells, a 
matter that warrants further investigation.

It is noteworthy that the natural retrotransposition frequency 
for a defective retrotransposon, such as VL30, is estimated 
to be up to 10‑6 events per cell/generation (33). By contrast, 
unusually high retrotransposition frequencies were noted in the 
present study. For example; 40% by serum‑starvation/VEGF 
treatment (Fig. 1A), corresponding to a 400,000‑fold induced 
retrotransposition. Apparently, such accumulation of new 
genomic integrated retrotransposon copies can cause 
numerous mutations, underlining the detrimental effects of 
VL30 retrotransposition. Therefore, the present data, showing 
that tinzaparin inhibits retrotransposition, underlines the 
prophylactic property of tinzaparin against accumulated VL30 
retrotransposition mutations. Finally, human breast cancer 
mammosphere‑forming cells display resistance to chemo‑
therapeutic drugs (71,72). In this sense, our mouse HC11‑VL30 
retrotransposition model could be used as a preliminary in vitro 
assay to evaluate the efficacy of novel chemotherapeutic drugs.

To the best of our knowledge, the present study associates, 
for the first time, the action of tinzaparin with the inhibition 
of VL30 retrotransposition, being a causative factor of tumori‑
genesis in HC11 mammary epithelial stem‑like cells. The 
data, extending the properties of tinzaparin as an anticoagu‑
lant agent and angiogenesis inhibitor, reveal three additional 
tinzaparin‑interconnected actions: i) Tinzaparin acts as an 
anti‑oxidant and anti‑retroviral drug against VL30 retrotrans‑
position induced by oxidative‑stress and/or VEGF, providing 
prophylaxis against new VL30 retrotransposition‑derived 
genomic mutations; ii)  tinzaparin exerts anti‑proliferative 
action on CSCs; and iii) tinzaparin is effective in disaggregating 
mammosphere‑formation to intercept tumor growth. As tinza‑
parin activity is associated with transcriptional reprogramming 
of a plethora of genes (17), the VL30 retrotransposition model 
may potentially be used in elucidating its impact on diverse 
biological processes in HC11 cells.
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