B3M—Pub|isher doi: 10.18081/pcij/2378-5225/014-12/73-82
Research Article Pathophysiology of Cell Injury Journal
PCIJ 2014; 3(2):73-82

Cardiomyocyte injury: mechanism of doxorubicin toxicity effects
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Abstract

Doxorubicin is part of a group of anthracycline antibiotics used in many treatment of
solid and hematological malignancy. Doxorubicin use is limited by cumulative, dose-
related, progressive myocardial cell injury that may lead to cardiotoxicity. The
cardiotoxicity induced by doxorubicin appears to be a multi-factorial process and many
mechanisms have been proposed and studied. The objective of this study is to approve
the role of toll-like receptor (TLR)-3 in mechanism of doxorubicin toxicity. Wild-type
male adult mice and knock-out mice were used. To investigated the role of TLR3,
MAPK in the doxorubicin cardiotoxcity, MAPK protein assay by using western blot in
mice. Taken together our findings demonstrate for the first time a relevant role of TLR3
in the development of doxorubicin induces cardiotoxicity under experimental
condition. Further, studies using therapeutic interventions such as pharmacological
TLR3 inhibition may be.
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Introduction

An anthracycline antibiotic is used widely against a spectrum of malignancies including
both hematological and solid tumors including lymphoma, gastric cancer, small cell
lung cancer, sarcoma, and breast cancer [1]. Unfortunately, these agents also exhibit a
well-recognized cardiotoxic profile that places limits on the extent to which these
lifesaving agents can safely be used. In clinical practice, most clinicians limit the
cumulative dose of doxorubicin (Dox), the most widely used agent in this group, to

400-450 mg/m? [2]. Approximately one in four patients experienced congestive heart
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failure when the cumulative dose of doxorubicin exceeded 500 mg/m?, nearly 50% had
cardiac events above 600 mg/m?, and nearly all patients had cardiotoxicity above 800
mg/m? [3].

The recognized risks besides the cumulative anthracycline dose include age (elderly
and young), mediastinal irradiation or radiotherapy to the left chest, other cardiac risk
factors such as hypertension, female gender (especially in the pediatric population),
previous exposure to any anthracycline, co-administration of other anticancer drugs,
and methods of administration (bolus vs protracted infusion). The mechanism of
conventional doxorubicin-induced myocardial damage is not exactly known but is
believed to involve.

TLR3 is one member of Toll-like receptors (TLRs) family has transmembrane
pattern recognition receptors that play a key role in host defense against pathogen
infection. These receptors recognize a variety of pathogen-associated molecular
patterns (PAMPs), such as lipopolysaccharide, peptidoglycan, bacterial DNA, and
double-stranded. The expression of TLRs and their role in inflammation and
myocardial injury is well documented [4].

Therefore, the present study was designed to explore the potential protective effects

of TLR-3 in DOX-induced cardiotoxicity in mice.
Methods and material

Animals

Male adult C57/BL6 and TLR-3 knockout (TLR-3", C57/BL6 background) mice were
obtained from the breeding stocks of the Max-Planck-Institut fir
Immunologie (Freiburg, Germany) (25-30 g) were kept in approved plastic cages, had
free access to water and food and were housed in rooms equipped with a 12 h light
cycle. All animal procedures were approved by the Animal Care and Use Committee
of the Institute of Cardiovascular Regeneration, Goethe-University, and file number:
D14-13c20/12-A31/24. Surgical procedures and animal care were performed in
accordance with the "Guide for the care and use of laboratory animals™ (NIH, volume
25, no. 28, revised 1996). Animals were randomly selected into Three groups for
treatment with Dox (Doxo Cell®, Cell Pharm, Germany, 20 mg/kg; intraperitoneally)
(WT Dox and TLR37 Dox) at a dose shown to be cardiotoxic [5], 2-wks after Dox

injection, mice were haemodynamically characterized. Finally, hearts were excised and
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prepared for analyses as described below. The investigation conforms to the Guide for
the Care and Use of Laboratory Animals published by the US National Institutes of
Health (NIH Publication No. 85-23, revised 1996).

Pressure-volume loop and hemodynamic analysis

Cardiac functional measurements were performed 2wk post DOX administration as
described previously [6]. Briefly, each mouse was anesthetized using tribromoethnaol
(Avertine) in a dose of 250mg/kg injected i.p and secured with a heating pad in the
supine position. Body temperature was monitored using a rectal probe and regulated to
~37°C. After an appropriate level of anesthesia was reached as indicated by a paw-
pinch test, the neck was opened longitudinally and the right common carotid artery
exposed, ligated distally, and the stay suture placed proximally. A small opening was
made in the artery and a size 1 F-micro -tipped pressure transducer catheter (Millar
Instruments, Houston, TX, USA) was inserted into the LV lumen via the right carotid
artery for measurement of LV pressure, volume, function and related parameters. After
20 minutes of data recording, the abdomen is opened by right sub-costal incision to
reach the inferior vena cava (IVC). To acutely change the cardiac preload, caval
occlusion was produced over a 3-second period using a nonmetallic occluder applied
to the IVC. The data were recorded as a series of pressure-volume loops. P-van software
(Conductance Technologies, San Antonio, TX, and Millar, Houston, TX) were used to
analyze all pressure-volume loop data. Regression analyses of multiple isochronal
pressure-volume loop data were produced by IVC compression. From the baseline and
IVC compression loops, comprehensive sets of hemodynamic parameters were

calculated.

Tissue preparation
After hemodynamic measurements, the cardiac tissues that had been separated into two
areas: the upper part for tissue homogenate and the lower parts which, were snap-frozen

immediately in liquid nitrogen and stored at —80°C for analyses.

Histological analysis
Hearts embedded in OCT were sectioned at Sum and stained with H&E by standard
methods for morphological evaluation. For Immunofluorescent staining, the

myocardial sections were fixed in 4% paraformaldehyde, incubated with a rabbit
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polyclonal antibody against PMNs and monocytes. Myocardial sections were incubated
with Cy3-tagged secondary goat anti-rabbit 1gG (imaged on the red channel). Nuclei
were stained with bis-benzimide (DAPI, imaged on the blue channel). Glycoproteins
were identified on cell surfaces with Alexa 488-tagged wheat germ agglutinin (imaged
on the green channel). Microscopy was performed with a Leica DMRXA digital

microscope (Leica Mikroskopie und Systeme GmbH, Wetzlar, Germany).

Western blotting assay

Myocardial tissue was homogenized with a rotor-stator homogenizer and treated with
PBS containing 0.5% Triton X-100 and a protease inhibitor cocktail. Size fraction of
crude protein (20 pg) was performed by electrophoresis. After transfer, the membrane
was incubated in PBS 5% nonfat dry milk to block nonspecific binding. The membrane
was then incubated for 60 minutes with an antibody against TRIF, or MAPK at 1:1000
to 1:2000 dilutions with PBS containing 0.05% Tween 20 and 5% dry milk. After
thorough washes the membrane was treated with peroxidase-labeled secondary
antibody (1:5000 dilutions with phosphate-buffered saline containing 0.05% Tween 20
and 5% dry milk) for 45 minutes. Protein bands were developed using an enhanced
chemiluminescence technique. Densitometry was performed using a computerized

densitometer (Molecular Dynamics, Sunnyvale, CA).

Chemokine assay
Aliquots of tissue homogenate and cell culture supernatant were used to assess
chemokine peptide levels by using ELISA kits (R&D Systems, Minneapolis, MN).
Recombinant peptides were used to construct standard curves. Absorbance of standards
and samples was determined spectrophotometrically at 450nm using a microplate
reader (Bio-Rad).

Statistical analysis

Data were analyzed by using the SPSS software version 13.0 (SPSS, Chicago, IL). The
distribution of the variables was analyzed with the Kolmogorov—Smirnow test.
Continuous, normally distributed variables were presented as mean + standart deviation
(SD), and non-normally distributed variables as median (interquartile range).
Categorical and ordinal data were presented as frequencies and/or percentages.

Differences between groups were tested using Student’s t test or Mann—Whitney U test.
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Categorical variables were compared by the y2-test. The Spearman’s correlation
coefficient (rs) was computed to assess variable relations. A two-sided p value <0.05
was considered statistically significant.

Results
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Figure 1.

LV function in TLR-3 " mice

Pressure-volume loop study show IL-37 Tg group has significantly better LV function and
ventricular elasticity than the WT group in form of EF%, CO, and E max. WT. Data are
expressed as mean+SEM; *P=0. 01vs. WT; *P=0.001 vs. WT;"P=0.003 vs. WT.
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Figure 3.

TLR-3 promotes TRIF protein activation

The top figure is the representative western blot,

results. The control basal level of TRIF was low

upregulated by I/R. Treatment of animals with

reduction in TRIF expression compared with the «
mean+SEM; "P<0.05 vs. Ctrl; #P<0.05 vs. WT, n=

Figure 4.

MCP-1 reduced after Dox Treated in TLR-
3" mice

The immunofluorescence staining of the
myocardial tissue that show reduced
myocardial infiltration of the monocyte cells in
TLR3™ heart compared with WT mice after

Dox treated (white raw).

The plasma MCP-1 levels were analysis by
using ELISA through direct obtained blood
from the LV cavity while the heart was still
beating after Dox treated. The MCP-1level was
attenuated in TLR3” mice compared with WT.
Data are expressed as mean + SEM. n= 9 in

each group; “P<0.05 vs. Ctrl mice.
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TLR3 Selected average parameters from pressure-volume loop study in the wild type
and TLR3™ mice groups were shown in (Fig. 1), the TLR3” mice group had a
significantly better LV function and ventricular elasticity than the wild type group in
the measurement of EF%, and CO, E max, with a P-value of both of the first two
variables: P=0.001 and P=0.003 for E max.

MAPK upregulated by TLR3

To investigated the role of MAPK in the inflammatory response due to the DOX
cardiotoxcity, MAPK protein assay by using western blot in both WT and
TLR3™ heart. As shown in (Fig. 2A-B), TLR3™~ Dox mice displayed significantly less
MAPK expression when compared to WT; P<0.05.

DOX activates TLR-3/TRIF pathway in WT mice

The TIR domain-containing adaptor inducing IFN-B (TRIF) protein expression showed
regulation in WT mice. TRIF was significantly unregulated after 2-wk of administrated
DOX in WT mice; P<0.01. In TLR3” mice, TRIF protein expression remained
unchanged (Fig. 3A-B).

MCP-1 expression

To characterize the cardiac inflammatory response, we determined monocyte cells
infiltration and cardiac MCP-1 protein expression. WT Dox mice displayed
significantly enhanced infiltration of monocyte cells indexed by CD8a- and CD11b-
positive cells compared to TLR3” mice (Fig. 4A). Dox injection led to an increased
expression of MCP-1 in WT mice compared to TLR3” and controls (Fig. 4B). In
addition, there was a significant correlation between decreased parameters of systolic

LV function and cardiac MCP-1 expression.

Discussion

Many researches have been performed in the last years to elucidate the molecular
mechanisms underlying cardiac toxicity induced by DOX. To date we know that TLRS
are involved in the pathogenesis of myocardial injury and related inflammation.
However, TLR3 has not been described in the pathogenesis of DOX induced

cardiotoxicity so far [7, 8, 9].
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Here we demonstrate that the TLR3 receptor system is induced upon DOX. Here
we show for the first time that TLR3 contributes to cardiac inflammation, and LV
function in experimental, Dox-induced cardiomyopathy [10, 11, 12]. In agreement with
others, WT Dox mice were found to display severe systolic and diastolic LV
dysfunction, resulting in impaired cardiac output as measured by the assessment of
pressure-volume loops in vivo [13, 14]. In TLR3"Dox mice, global LV function as
indexed by stroke volume and cardiac output was improved as a result of enhanced
systolic and diastolic performance. Thus, we conclude that TLR3 plays a pivotal role
in LV dysfunction due to Dox-induced cardiotoxicity [15].

To further analyze the mechanisms involved, we characterized cardiac
inflammatory response, which are all known to be relevant in this disease. DOX directly
damage cells, trigger cytokine expression, increase leukocyte chemotaxis, and initiate
complement activation [16, 17]. In agreement with others [18, 19], we found that MCP-
1 were markedly increased in cardiac tissue of WT Dox mice when compared to that of
WT controls. Since MCP-1 is active in a variety of cell types possibly present in the
LV, we measured MCP-1 activity in myocytes isolated from WT and TLR3™ mice
which were treated with doxorubicin in order to identify cardiac specific injury [20]. In
line with our findings from LV tissue, MCP-1 activity was also found to be enhanced
in myocytes isolated from WT Dox mice in comparison with myocytes from WT mice.
In contrast, in both LV tissue and isolated myocytes, no significant regulation in
TLR3 7 Dox mice was seen when compared to TLR3”~ mice [21, 22]. To get more
insights into the intracellular mechanisms induced by any TLR3 deficiency possibly
involved, we determined TRIF and MAPK regulation in our model. We showed that
TLR3 deficiency down-regulation of TRIF and MAPK suggesting that direct or indirect
effects of TLR3 signaling are involved in the regulation of these factors [23].

In conclusion, taken together our findings demonstrate for the first time a relevant
role of TLR3 in the development of DOX induces cardiotoxicity under experimental
condition. Further, studies using therapeutic interventions such as pharmacological
TLR4 inhibition may be.

Copyright © 2014 PClJ

80


http://eurjhf.oxfordjournals.org/content/10/3/233.full#ref-35

B3M—Pub|isher doi: 10.18081/pcij/2378-5225/014-12/73-82
Research Article Pathophysiology of Cell Injury Journal
PCIJ 2014; 3(2):73-82

Competing interests
The authors declare that there is no conflict of interest.
Author Contributions

Conception and design of experiments: MV, MH, VH; Conception and design of
paper: SH, MV, VH, MH; wrote the paper, revised and approved the paper: MV, MH,

VH. All authors read and approved the final manuscript.
Funding

This study was supported by grant # 1419-009-31 offered by Goethe-University.

References

1. Panjrath GS, Patel V, Valdiviezo Cl, et al. Potentiation of doxorubicin cardiotoxicity
by iron loading in a rodent model. J Am Coll Cardiol 2007; 49:2457-2464.

2. Robert J. Preclinical assessment of anthracycline cardiotoxicity in laboratory animals:
predictiveness and pitfalls. Cell Biol Toxicol 2007; 23(1):27-37.

3. Platel D, Pouna P, Bonoron-Adéle S, Robert J. Preclinical evaluation of the
cardiotoxicity of taxane-anthracycline combinations using the model of isolated
perfused rat heart. Toxicol Appl Pharmacol 2000; 163(2):135-40.

4. Oliveira Paulo J, Bjork James A, Santos MS, et al. Carvedilol-mediated antioxidant
protection against doxorubicin-induced cardiac mitochondrial toxicity. Toxicol Appl
Pharmacol 2004; 200:159-168.

5. Olson RD, Mushlin PS. Doxorubicin cardiotoxicity: analysis of prevailing
hypotheses. FASEB 1990, 4:3076-3086.

6. Muzaffar Igbal, Kiran Dubey, Tarique Anwer, et al. Protective effects of telmisartan
against acute doxorubicin-induced cardiotoxicity in rats. Pharmacol Rep 2008; 60:382-
390.

7. Yousif NG, Ao L, LiJ, etal. Myocardial Tissue TLR4 Plays a Major Role in Mediating
Myocardial Injury Following Cold Ischemia and Reperfusion Through Up-regulation
Of MCP-1. ASC 2011 Abstract, Quick shot. Transplant Immunol
(Transplant/Immunology)

8. Arola OJ, Saraste A, Pulkki K, et al. Acute doxorubicin cardiotoxicity involves
cardiomyocyte apoptosis. Cancer Res 2000; 60:1789-1792.

9. Shinozawa S, Gomita Y, Araki Y. Effect of high-dose a-tocopherol acetate
pretreatment on adriamycin (doxorubicin) induced toxicity and tissue
distribution. Physiol Chem Phys Med NMR 1988; 20:329-335.

Copyright © 2014 PClJ 81



B3M—Pub|isher doi: 10.18081/pcij/2378-5225/014-12/73-82
Research Article Pathophysiology of Cell Injury Journal

PCI] 2014; 3(2):73-82

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Nozaki N, Shishido T, Takeishi Y. Modulation of doxorubicin-induced cardiac
dysfunction in toll-like receptor-2-knockout mice. Circulation 2004; 110(18):2869-
2874,

Akira S, Takeda K, Kaisho T. Toll-like receptors. Critical proteins linking innate and
acquired immunity. Nat Immunol 2001; 2:675-680.

Baumgarten G, Knuefermann P, Nozaki N, et al. In vivo expression of proinflammatory
mediators in the adult heart after endotoxin administration: the role of toll-like receptor-
4. J Infect Dis 2001; 183:1617-1624.

Lien E, Means TK, Heine H, et al. Toll-like receptor 4 imparts ligand-specific
recognition of bacterial lipopolysaccharide. J Clin Invest 2000; 105:497-504.
Kirschning CJ, Wesche H, Ayres TM, Rothe M. Human Toll-like receptor 2 confers
responsiveness to bacterial lipopolysaccharide. J Exp Med 1998; 188:2091-2097.
Heine H, et al. Cutting edge: cells that carry a null allele for Toll-like receptor 2 are
capable of responding to endotoxin. J Immunol 1999; 162:6971-6975.

Yousif NG, Al-amran FG. Novel Toll-like receptor-4 deficiency attenuates
trastuzumab (Herceptin) induced cardiac injury in mice. BMC cardiovascular
disorders 2011; 11(1):62.

Ha T, Li Y, Hua F. Reduced cardiac hypertrophy in toll-like receptor 4-deficient mice
following pressure overload. Cardiovasc Res 2005; 68(2):224-234.

Liu B, Zheng H, Stoilova D, Sun S, Li Z. Cell surface expression of an endoplasmic
reticulum resident heat shock protein pg96 triggers MyD88-dependent systemic
autoimmune diseases. Proc Natl Acad Sci USA 2003; 100:15824-15829.

Tsan MF, Gao B. Endogenous ligands of Toll-like receptors. J Leukoc Biol 2004;
76:514-5109.

Haase R, Kirschning CJ, Sing A, et al. A dominant role of toll-like receptor 4 in the
signaling of apoptosis in bacteria-faced macrophages. J Immunol 2003; 171:4294—
4303.

Zhang D, Gaussin V, Taffet GE, et al. TAKL1 is activated in the myocardium after
pressure overload and is sufficient to provoke heart failure in transgenic mice. Nat Med
2000; 6:556-563.

Medzhitov R, Preston-Hurlburt P, Janeway CA., Jr. A human homologue of the
Drosophila Toll protein signals activation of adaptive
immunity. Nature 1997; 388:394-397.

Ohashi K, Burkart V, Flohe S, Kolb H. Cutting Edge: Heat Shock Protein 60 Is a
Putative Endogenous Ligand of the Toll-Like Receptor-4 Complex. J Immunol 2000;
164:558-561.

Copyright © 2014 PClJ

82



