Fas-FasL expression and myocardial cell
apoptosis in patients with viral myocarditis
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ABSTRACT. The aim of the current study was to investigate Fas and
FasL expression and myocardial cell apoptosis in viral myocarditis
patients. Human heart specimens were selected from patients who
were autopsied between February 2012 and February 2015; of these,
25 patients were diagnosed with viral myocarditis. Another 15 cases
with no diagnosis of myocarditis were selected for the control group.
All tissue specimens were divided into two parts, one for reverse
transcription-polymerase chain reaction analysis and the other for
immunohistochemical and terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) analyses. /n situ detection of apoptosis was
performed by the TUNEL method, which revealed that myocardial
cells from the viral myocarditis group exhibited significant apoptosis,
whereas no apoptotic cells were observed in the control group. The
number of cells staining positive for Fas and FasL protein in the viral
myocarditis group was significantly higher than that in the control group
(P <0.05). There was also a correlation between Fas and FasL protein
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expression levels and scores (r=0.92, P <0.05). The mRNA expression
of Fas and FasL was significantly higher in the viral myocarditis group
than in the control group (P < 0.05). In conclusion, the Fas-FasL system
may be involved in the pathogenesis of viral myocarditis. Furthermore,
cytotoxic T lymphocytes may mediate cardiac muscle cells apoptosis
via Fas-FasL signaling, and thus participate in the pathogenesis of viral
myocarditis.
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INTRODUCTION

Viral myocarditis is a common infectious form of acute or chronic heart muscle
inflammation, which can be characterized as either localized or diffuse inflammatory lesions,
and is highly related to viral infection (Galenkamp et al., 2015). Generally, more than
5% of individuals with a viral infection will experience some form of myocarditis during
the infection period with different clinical manifestations. Though the specific cellular
mechanisms underlying viral myocarditis are yet to be determined, some studies have shown
that they may involve impaired myocardial cell function due to direct damage by the virus, or
damage caused by the body’s immune response (Abu-Dahab et al., 2014; Yang et al., 2015).
Currently, treatments for viral myocarditis are mainly non-specific and focus on clearing
the viral infection and reducing myocardial inflammation. Additionally, even with proper
treatment, there are still patients who die due to a combination of severe arrhythmia, acute
heart failure, and cardiogenic shock (Yan et al., 2015). To date, there are no clearly defined
molecular mechanisms in viral myocarditis. However, it has been suggested that the Fas-FasL
signaling pathway is one of the main contributors in target cell damage. Therefore, the aim
of the current study was to investigate the function and possible mechanisms of cytotoxic T
lymphocytes (CTLs) in Fas-FasL-mediated apoptosis during viral myocarditis. To accomplish
this, apoptosis of myocardial cells from the heart tissues of patients with viral myocarditis at
different periods of infection was assessed, in addition to the evaluation of Fas-FasL gene and
protein expression.

MATERIAL AND METHODS
Patient specimens

Selected human heart specimens were obtained from the Weifang Yidu Central Hospital
that were autopsied between February 2012 and February 2015. Written informed consent was
provided by patient family members for all included tissue samples. In total, samples from 25
patients diagnosed with viral myocarditis (11 males and 14 females) with ages ranging from 23
to 53 years (average age of 32.4 £+ 10.1 years) were included. All patients met the “diagnostic
criteria of acute viral myocarditis in adults” when they were admitted to the hospital according
to the 1995 National Myocarditis and Cardiomyopathy Symposium. After reviewing the
symptoms before death and the myocardial tissue pathological characteristics, the ventricular
muscle cells were evaluated under microscopy, which revealed that the myocardial cells
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showed necrosis and/or appeared degenerated, and that the interstitial space had inflammatory
cell (lymphocyte or monocyte) infiltration with or without interstitial space fibrosis. Samples
with diseases such as viral hepatitis, AIDS, or other autoimmune diseases were excluded. All
patients had not received hormonal or immune modulators within 3 months prior to inclusion
into the viral myocarditis group. In this group, 6 patients experienced myocardial infarction on
the 7th day after the onset of infection, 6 patients on the 14th day after the onset of infection,
6 patients on the 21st day after the onset of infection, and 7 patients on the 28th day after
the onset of infection. Samples from another 15 patients diagnosed as viral myocarditis free
(8 males and 7 females) were included in the control group with patient ages ranging from
21 to 52 years (average age of 31.6 + 12.8 years). The selected patients in the control group
all suffered head injuries without any heart disease or viral myocarditis related symptoms or
diagnosis. There were no significant differences in age or gender between the case and control
groups (P > 0.05), which indicates strong compatibility.

Diagnostic criteria of viral myocarditis

The clinical diagnostic criteria included the following: cardiac insufficiency,
cardiogenic shock, or cardio-cerebral syndrome; heart enlargement; electrocardiographic
changes not less than 2 ST-T wave changes in I, II, aVF, and V5 leads last longer than 4 days;
creatine kinase-MB (CK-MB) increases; and/or positive cardiac troponin I (¢Tnl or cTnT).
The etiological diagnostics included the following: utilization of the biopsy and pathology
study to evaluate the endocardium, myocardium, and pericardium; use of pericardial fluid to
evaluate the isolated virus; utilization of viral nucleic acid probes to check for viral nucleic
acids; and/or positive specific viral antibodies.

Laboratory reagents

Fas-FasL rabbit anti-human polyclonal antibody was purchased from Zhongshan
Biologic Company (Beijing, China). Avidin-biotin complex (ABC) immunohistochemistry
kits were purchased from Zemai Biologic Company (Shanghai, China).

Techniques

All samples were divided into two parts, of which one was stored at -80°C for later use
in a reverse transcription-polymerase chain reaction (RT-PCR) assay and the other was fixed in
4% paraformaldehyde and processed for pathology assessment via hematoxylin and eosin ()
staining, as well as for immunohistochemical analysis of protein expression and the terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method for apoptosis detection.

TUNEL assay

In situ detection of myocardial cell apoptosis was performed via the TUNEL method.
Five high magnification (400X) fields of version were imaged for each sample, and the percent
(%) of myocardial cell apoptosis was calculated as the number of positive myocardial cells/
total number of cardiac muscle cells x 100%.
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Immunohistochemical analysis

Immunohistochemistry methods were adopted to detect Fas-FasL antigens. Specifically,
the ABC method was used for immunohistochemical detection of Fas-FasL. PBS was used as
the negative control, and 3,3’-Diaminobenzidine (DAB) staining was observed under light
microscopy. For each sample, three fields of visions were imaged at 400X magnification, and
the absorbance of positive staining cells was measured.

RT-PCR

TRIzol Reagent was purchased from Thermo Fisher (Carlsbad, CA, USA) to extract
total RNA, and RT-PCR was performed in accordance with the manufacturer instructions. The
primer sequences were as follows: Fas: 3'-ACGTGAACCATAAGACCCAG-5',3'-GGTTCTG
TGTCGTCTTGTCT-5"; FasL: 3-TGGTCTCGGTGGTCTTGGTA-5', 3'-CGTTGTTGGTCG
GGGATTTG-5"; and B-actin reference gene: 3'-CAAGTACCTACGGTGTCCTAAGGT-5',
3-GCCTGACAATGACTCGACGCAAAT-5". Amplification conditions were as follows: 95°C
for 5 min, followed by 25 cycles of 95°C for 30 s, 55°C for 30 s, and 70°C for 1 min. The reac-
tion products were then subjected to electrophoresis for 60 min in 1X Tris/Borate/EDTA (TBE)
buffer at 80 V, and the bands were then observed under UV light. A DNA ladder was used as a
reference standard for PCR product identification. The resultant band-densities of the PCR prod-
ucts were quantified with a thin layer scanner, and the relative Fas expression was calculated as
the Fas product electrophoresis band-density/B-actin electrophoresis band-density x 100%.

Statistical methods

The SPSS 18.0 (SPSS Inc., Chicago, IL, USA) software package was used to analyze all
data, and the data are reported as means + standard deviation. Analysis of variance was used to
process repeated measurement data, and the Fisher LSD test was used for paired comparisons.
Data expressed as rates were analyzed with the x? test. Linear correlation methods were used
to investigate correlations. P < 0.05 was considered statistically significant.

RESULTS
Myocardial cell apoptosis

Figure 1 shows in situ myocardial cell apoptosis detection via the TUNEL method,
where evident cell apoptosis was observed in the cardiac muscle cells from the myocarditis group
(seen as green fluorescence in Figure 1A). Cardiac muscle cell apoptosis was largely observed
in the endocardium, epicardium, and around inflammation foci, whereas apoptotic cells were not
seen in the control group, in which all cardiac muscle cells had normal morphology (Figure 1B).

Immunohistochemical detection of Fas and FasL protein expression in myocardial
tissue

The immunohistochemical results showed that the numbers of Fas- and FasL-positive

Genetics and Molecular Research 15 (2): gmr.15027607 ©FUNPEC-RP www.funpecrp.com.br



Fas-FasL expression in viral myocarditis 5

B

Myocarditis group Control group

Figure 1. Myocardial cell apoptosis detection in situ by the TUNEL method. A. Myocardial cells from a patient with
viral myocarditis. Green fluorescence indicates apoptosis. B. Myocardial cells from a patient without myocarditis.
No apoptosis is observed. Magnification = 400X.

cells in the myocarditis group were significantly higher than those in the control group (P <
0.05). Furthermore, the numbers of Fas- and FasL-positive cells were significantly higher on
the 7th day after the onset of infection compared with those in controls, peaked on the 14th
day, and then began to decrease thereafter with statistically significant differences among the
groups (F =35.214, P<0.01; F=55.021, P<0.01). There was also a correlation between Fas
and FasL protein expression levels and score (r = 0.92, P < 0.05) (Table 1).

Table 1. Immunohistochemical analysis of relative Fas and FasL protein expression in myocardial tissue.

Group Fas FasL Score

Control group 0.054 + 0.002 0.035+0.001 0.000 + 0.000

Myocarditis group 7th day 0.107 £ 0.001* 0.106 + 0.002* 2.143 £ 0.002
14th day 1.320 + 0.002* 1.024 +0.001* 2.952+0.001
21th day 0.145 +0.002* 0.136 + 0.002* 2.165 + 0.002
28th day 0.112 +0.001* 0.107 +0.001* 2.031 +0.002

F value 35.214 55.021

P value <0.01 <0.01

*P < 0.05: compared to the control group.

RT-PCR detection of Fas and FasL. mRNA expression in myocardial tissues

The results revealed that Fas and FasL mRNA expression were significantly higher in the
myocarditis group than those in the control group (P < 0.05). Furthermore, Fas and FasL mRNA
expression were significantly higher on the 7th day after the onset of infection compared with
those of controls, peaked in the 14th day, and then began to decrease thereafter with statistically
significant differences among the groups (F = 25.13, P<0.05; F =27.78, P < 0.05) (Table 2).

Table 2. RT-PCR analysis of relative Fas and FasL mRNA expression in myocardial tissues.

Group Fas mRNA FasL mRNA

Control group 0.31+0.01 0.21 +0.00

Myocarditis group 7th day 0.40 + 0.00* 0.33 £ 0.00*
14th day 0.63 +0.02* 0.52+0.01*
21th day 0.42 +0.02* 0.44 +0.03*
28th day 0.41 +0.00* 0.35 +0.00*

F value 25.13 27.78

P value <0.05 <0.05

*P < 0.05 compared to the control group.

Genetics and Molecular Research 15 (2): gmr.15027607 ©FUNPEC-RP www.funpecrp.com.br



T.F. Huang et al. 6

DISCUSSION

Viral myocarditis is a complex virus-induced non-specific interstitial myocardial
inflammatory disease that is associated with a variety of pathogenic factors (Ebsen et al.,
2015). In recent years, there has been a marked increase in the incidence of the disease, and the
symptoms are sometimes undetectable, which may result in sudden cardiac death and increase
the level of harm (Kong et al., 2014; Chiu et al., 2015; Li et al., 2015). Studies investigating the
pathogenesis of viral myocarditis and its underlying mechanisms may lead to effective control
of its occurrence and provide a basis for improved treatments. However, the pathogenesis of
viral myocarditis has yet to be fully defined. Previous studies have determined that the main
factors involved in the pathogenesis may be impairment of myocardial cell functions due to
direct viral damage, altered immune cell biochemistry, or microvascular injury. However, to
date, there have been few reports regarding the specific pathogenesis of viral myocarditis.
The clinical manifestations of viral myocarditis usually occur after acute viral infection
(Cohen et al., 2014; Lee et al., 2015; Zhong et al., 2015). The main manifestation of viral
myocarditis during the first 7 days of viral infection is myocardial infiltration by NK cells and
macrophages. Though they are meant to control the early stages of viral infection, infiltrating
NK cells release perforin, which damages myocardial cells (Li et al., 2014; Lutz et al., 2014;
Hsiao et al., 2015; Kiinkele et al., 2015; Peng et al., 2015). Between 7 and 14 days after the
initial onset of the viral infection, most of the infiltrated cells are T-cells, which become CTLs
when activated, and are programmed to kill target cells (Chen et al., 2014; Grygorczuk et al.,
2015; Shi et al., 2015; Tao et al., 2015). There are two primary means by which CTLs kill
target cells: one is perforin/granzyme-mediated and the other involves the Fas-FasL signaling
pathway (Arai et al., 2014; Gmeiner et al., 2015; Liu et al., 2015; Nallapalle et al., 2015;
O’Donnell et al., 2015; Saigusa et al., 2015). Through the presentation of Fas by CTLs to FasL
on target cells, Fas-FasL signaling passes programmed cell death signals to myocardial cells,
which leads to apoptosis in a relatively short time frame (Fernandes et al., 2014; Nabhani et al.,
2014; O’Reilly et al., 2015; Zhang et al., 2015). Additionally, Fas-FasL signaling also has an
associated negative feedback mechanism, which showed no sustained damage to myocardium
(Estlack et al., 2014; Zheng et al., 2014).

The current study investigated Fas and FasL expression and apoptosis in myocardial
cells from patients with viral myocarditis at different time points after the onset of infection.
The results showed that the numbers of cells staining positive for Fas and FasL protein in the
viral myocarditis group were significantly higher than those in the control group (P < 0.05).
The numbers significantly increased on the 7th day after the onset of infection, peaked on the
14th day, and then decreased thereafter, with statistically significant differences seen among
the groups. Furthermore, there was a correlation between both Fas and FasL protein expression
levels and scores. These results indicate that there is a correlation between the expression of
Fas and FasL protein in cardiomyopathies, and specifically that the Fas-FasL system may be
largely involved in the pathogenesis of viral myocarditis. In agreement with these results, the
expression of Fas and FasL mRNA in the viral myocarditis group was significantly higher than
that in the control group (P < 0.05). Similar to the protein, mRNA expression was significantly
increased on the 7th day after the onset of infection, peaked on the 14th day, and then began
to decrease with statistically significant differences among the groups. Taken together, the
results herein indicate that myocardial cell apoptosis may be significantly influenced by the
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combination of Fas on myocardial cell surfaces and FasL on infiltrating immune cell surfaces,
and that CTLs may mediate cardiac muscle cell apoptosis through Fas-FasL signaling, thus
contributing to viral myocarditis pathogenesis.

To summarize, the Fas-FasL system may be involved in the pathogenesis of viral
myocarditis. CTLs may mediate cardiac muscle cell apoptosis via Fas-FasL signaling; thus,
they may participate in the pathogenesis of viral myocarditis.

Conflicts of interest

The authors declare no conflict of interest.
ACKNOWLEDGMENTS

We thank the anonymous reviewers for reviewing this manuscript.

REFERENCES

Abu-Dahab R, Abdallah MR, Kasabri V, Mhaidat NM, et al. (2014). Mechanistic studies of antiproliferative effects of
Salvia triloba and Salvia dominica (Lamiaceae) on breast cancer cell lines (MCF7 and T47D). Z. Naturforsch. C. J.
Biosci. 69: 443-451.

Arai M, Yoshioka S, Nishimura R and Okuda K (2014). FAS/FASL-mediated cell death in the bovine endometrium. Anim.
Reprod. Sci. 151: 97-104. http://dx.doi.org/10.1016/j.anireprosci.2014.10.004

Chen S, Jiang Y, Wang Z and Li Y (2014). [Conjunctival Fas-FasL expression in chronic Stevens-Johnson syndrome].
Zhonghua Yan Ke Za Zhi 50: 691-694.

Chiu CT, Hsuan SW, Lin HH, Hsu CC, et al. (2015). Hibiscus sabdariffa leaf polyphenolic extract induces human melanoma
cell death, apoptosis, and autophagy. J. Food Sci. 80: H649-H658. http://dx.doi.org/10.1111/1750-3841.12790
Cohen M, Pierredon S, Wuillemin C, Delie F, et al. (2014). Acellular fraction of ovarian cancer ascites induce apoptosis
by activating JNK and inducing BRCA1, Fas and FasL expression in ovarian cancer cells. Oncoscience 1: 262-271.

http://dx.doi.org/10.18632/oncoscience.31

Ebsen H, Lettau M, Kabelitz D and Janssen O (2015). Subcellular localization and activation of ADAM proteases
in the context of FasL shedding in T lymphocytes. Mol. Immunol. 65: 416-428. http://dx.doi.org/10.1016/j.
molimm.2015.02.008

Estlack LE, Roth CC, Thompson GL, 3rd, Lambert WA, 3rd, et al. (2014). Nanosecond pulsed electric fields modulate
the expression of Fas/CD95 death receptor pathway regulators in U937 and Jurkat Cells. Apoptosis 19: 1755-1768.
http://dx.doi.org/10.1007/s10495-014-1041-9

Fernandes P, O’Donnell C, Lyons C, Keane J, et al. (2014). Intestinal expression of Fas and Fas ligand is upregulated
by bacterial signaling through TLR4 and TLRS, with activation of Fas modulating intestinal TLR-mediated
inflammation. J. Immunol. 193: 6103-6113. http://dx.doi.org/10.4049/jimmunol.1303083

Galenkamp KM, Carriba P, Urresti J, Planells-Ferrer L, et al. (2015). TNFa sensitizes neuroblastoma cells to FasL-,
cisplatin- and etoposide-induced cell death by NF-kB-mediated expression of Fas. Mol. Cancer 14: 62. http://dx.doi.
org/10.1186/s12943-015-0329-x

Gmeiner WH, Jennings-Gee J, Stuart CH and Pardee TS (2015). Thymineless death in F10-treated AML cells occurs via
lipid raft depletion and Fas/FasL co-localization in the plasma membrane with activation of the extrinsic apoptotic
pathway. Leuk. Res. 39: 229-235. http://dx.doi.org/10.1016/j.leukres.2014.11.006

Grygorczuk S, Osada J, Moniuszko A, Swierzbifiska R, et al. (2015). Increased expression of Fas receptor and Fas ligand
in the culture of the peripheral blood mononuclear cells stimulated with Borrelia burgdorferi sensu lato. Ticks Tick
Borne Dis. 6: 189-197. http://dx.doi.org/10.1016/j.ttbdis.2014.12.004

Hsiao YP, Lai WW, Wu SB, Tsai CH, et al. (2015). Triggering apoptotic death of human epidermal keratinocytes by malic
Acid: involvement of endoplasmic reticulum stress- and mitochondria-dependent signaling pathways. Toxins (Basel)
7: 81-96. http://dx.doi.org/10.3390/toxins7010081

Kong X, Kong W, Miao G, Zhao S, et al. (2014). Pretreatment with scutellaria baicalensis stem-leaf total flavonoid

Genetics and Molecular Research 15 (2): gmr.15027607 ©FUNPEC-RP www.funpecrp.com.br



T.F. Huang et al. 8

protects against cerebral ischemia/reperfusion injury in hippocampal neurons. Neural Regen. Res. 9: 2066-2073.
http://dx.doi.org/10.4103/1673-5374.147933

Kiinkele A, Johnson AJ, Rolczynski LS, Chang CA, et al. (2015). Functional tuning of CARs reveals signaling threshold
above which CD8+CTL antitumor potency is attenuated due to cell Fas-FasL-dependent AICD. Cancer Immunol.
Res. 3: 368-379. http://dx.doi.org/10.1158/2326-6066.CIR-14-0200

Lee YH, Bae SC and Song GG (2015). Association between the CTLA-4, CD226, FAS polymorphisms and rheumatoid
arthritis susceptibility: a meta-analysis. Hum. Immunol. 76: 83-89. http://dx.doi.org/10.1016/j.humimm.2015.01.023

Li CL, Chang L, Guo L, Zhao D, et al. (2014). B-elemene induces caspase-dependent apoptosis in human glioma cells in
vitro through the upregulation of Bax and Fas/ FasL and downregulation of Bcl-2. Asian Pac. J. Cancer Prev. 15:
10407-10412. http://dx.doi.org/10.7314/APJCP.2014.15.23.10407

Li X, Meng Y, Plotnikoff NP, Youkilis G, et al. (2015). Methionine enkephalin (MENK) inhibits tumor growth through
regulating CD4+Foxp3+ regulatory T cells (Tregs) in mice. Cancer Biol. Ther. 16: 450-459. http://dx.doi.org/10.10
80/15384047.2014.1003006

LiuW,Lin YT, Yan XL, Ding YL, et al. (2015). Hepatitis B virus core protein inhibits Fas-mediated apoptosis of hepatoma
cells via regulation of mFas/FasL and sFas expression. FASEB J. 29: 1113-1123. http://dx.doi.org/10.1096/f].14-
263822

Lutz A, Sanwald J, Thomas M, Feuer R, et al. (2014). Interleukin-1f enhances FasL-induced caspase-3/-7 activity without
increasing apoptosis in primary mouse hepatocytes. PLoS One 9: el15603. http://dx.doi.org/10.1371/journal.
pone.0115603

Nabhani S, Honscheid A, Oommen PT, Fleckenstein B, et al. (2014). A novel homozygous Fas ligand mutation leads to
early protein truncation, abrogation of death receptor and reverse signaling and a severe form of the autoimmune
lymphoproliferative syndrome. Clin. Immunol. 155: 231-237. http://dx.doi.org/10.1016/j.clim.2014.10.006

Nallapalle SR, Daripally S and Prasad VT (2015). Promoter polymorphism of FASL confers protection against female-
specific cancers and those of FAS impact the cancers divergently. Tumour Biol. 36: 2709-2724. http://dx.doi.
0rg/10.1007/s13277-014-2896-7

O’Donnell JA, Kennedy CL, Pellegrini M, Nowell CJ, et al. (2015). Fas regulates neutrophil lifespan during viral and
bacterial infection. J. Leukoc. Biol. 97: 321-326. http://dx.doi.org/10.1189/jlb.3AB1113-594RR

O’Reilly LA, Hughes P, Lin A, Waring P, et al. (2015). Loss of ¢-REL but not NF-xB2 prevents autoimmune disease
driven by FasL mutation. Cell Death Differ. 22: 767-778. http://dx.doi.org/10.1038/cdd.2014.168

Peng Y, FuZZ, Guo CS, Zhang YX, et al. (2015). Effects and mechanism of baicalin on apoptosis of cervical cancer HeLa
cells in-vitro. Iran. J. Pharm. Res. 14:251-261.

Saigusa S, Tanaka K, Ohi M, Toiyama Y, et al. (2015). Clinical implications of Fas/Fas ligand expression in patients
with esophageal squamous cell carcinoma following neoadjuvant chemoradiotherapy. Mol. Clin. Oncol. 3: 151-156.

ShiLY,Han Z, Li XX, Li M, et al. (2015). Inactivated Sendai virus strain Tianjin induces apoptosis in breast cancer MCF-
7 cells by promoting caspase activation and Fas/FasL expression. Cancer Biother. Radiopharm. 30: 33-40. http:/
dx.doi.org/10.1089/cbr.2014.1704

Tao H, LuL, Xia Y, Dai F, et al. (2015). Antitumor effector B cells directly kill tumor cells via the Fas/FasL pathway and
are regulated by IL-10. Eur. J. Immunol. 45: 999-1009. http://dx.doi.org/10.1002/¢ji.201444625

Yan J, Zapata JC, Pauza CD and Salvato MS (2015). Modulation of SIV and HIV DNA vaccine immunity by Fas-FasL
signaling. Viruses 7: 1429-1453. http://dx.doi.org/10.3390/v7031429

Yang T, Shi R, Chang L, Tang K, et al. (2015). Huachansu suppresses human bladder cancer cell growth through the Fas/
Fasl and TNF- alpha/TNFR1 pathway in vitro and in vivo. J. Exp. Clin. Cancer Res. 34: 21. http://dx.doi.org/10.1186/
s13046-015-0134-9

Zhang X, Ha T, Lu C, Lam F, et al. (2015). Poly (I:C) therapy decreases cerebral ischaemia/reperfusion injury via TLR3-
mediated prevention of Fas/FADD interaction. J. Cell. Mol. Med. 19: 555-565. http://dx.doi.org/10.1111/jemm.12456

Zheng H, Liu Z, Liu T, Cai Y, et al. (2014). Fas signaling promotes chemoresistance in gastrointestinal cancer by up-
regulating P-glycoprotein. Oncotarget 5: 10763-10777. http://dx.doi.org/10.18632/oncotarget.2498

Zhong W, Qin S, Zhu B, Pu M, et al. (2015). Oxysterol-binding protein-related protein 8 (ORP8) increases sensitivity of
hepatocellular carcinoma cells to Fas-mediated apoptosis. J. Biol. Chem. 290: 8876-8887. http://dx.doi.org/10.1074/

jbc.M114.610188

Genetics and Molecular Research 15 (2): gmr.15027607 ©FUNPEC-RP www.funpecrp.com.br



