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A B S T R A C T   

The regulation by immune checkpoint is able to prevent excessive tissue damage caused by ischemia reperfusion 
(I/R); therefore, the study aims to investigate the behavior of phosphoprotein associated with glycosphingolipid- 
enriched microdomains 1 (PAG1) mRNA, miR-1206 and small nucleolar RNA host gene 14 (SNHG14) during I/R 
and intake of pentoxifylline (PTX) as a protective drug. The relative expression level of PAG1/miR-1206/ 
SNHG14 was determined by qRT-PCR. Cardiac tissue levels of cytotoxic T-lymphocyte associated antigen 4 
(CTLA4) and PAG1 protein expression were determined by ELISA technique. The regulatory T cells achieved by 
the flow cytometry. The results found that the relative expression of SNHG14 was significantly upregulated in I/ 
R, but suppressed in PTX treated groups with enhancement of the relative expression level of miR-1206. The gene 
and protein expression of PAG1 were downregulated with effective doses of PTX. The results showed that (30 and 
40 mg/kg bwt) PTX dose suppressed the CTLA4 development significantly. The mean of the regulatory T cell in 
PTX protective groups is significantly reduced at (p < 0.001) in a comparison with I/R group. Spearman’s 
correlation analysis revealed a significant negative correlation between SNHG14 and miR-1206, but a significant 
positive correlation between SNHG14 and PAG1 in I/R heart tissue. The results indicated that miR-1206 and 
SNHG14 can be used as biomarkers with perfect sensitivity and specificity. Using PTX reduced cardiac tissue 
damage. SNHG14 and miR-1206 can be used as a diagnostic tool in I/R.   

1. Introduction 

Several million deaths are attributable to ischemic heart disease 
(IHD), and the rate of recurrent ischemic events remains high even while 
providing treatment [1]. Leukocytes play an important role in the 
no-reflow phenomenon (a process which starts during the ischemic 
period and then increases during reperfusion) under pathophysiological 
conditions [2], resulting in profound myocyte death and irreversible 
myocardial damage [3]. The ischemic left ventricular dysfunction is 
characterized by the inflammatory immune activation [4]. Reperfusion 
is the only way to preserve cardiac cell viability, but it can trigger a 
further damage to the cardiomyocytes [5]. Discovery of early diagnostic 
markers of ischemic heart disease was widely investigated for reducing 
infarction size and mortality rate after I/R injury [6]. 

Pentoxifylline (PTX) is a phosphodiesterase inhibitor which has anti- 
inflammatory properties [7]. PTX and its metabolites increase the blood 
fluidity by reducing blood viscosity, inhibiting microvascular con
struction and blocking erythrocyte [8]. PTX regulated the inflammatory 
response with the decreased cellular activation, phagocytosis and 
endothelium adhesion [9]. Moreover, it was found to be a successful 
treatment for ischemic-like diseases such as arteriosclerosis obliterans 
(ASO) and Buerger’s disease [10]. 

The phosphoprotein associated with glycosphingolipid micro
domains (PAG1) is a transmembrane adaptor protein localized to lipid 
rafts [11]. PAG1 plays an important role in antigen trafficking and im
mune signaling [12]. In addition, northern blot analysis revealed that 
the highest expression was observed in lung, heart, and placenta [13]. 
The previous studies suggested that the increased expression of PAG1 
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could have a proinflammatory impact [14]. Chromosome 8 data provide 
a deeper understanding of both the physiology of normal disease and the 
evolution of the genome; as it includes a variety of genes linked to innate 
immunity [15]. As PAG1 gene and miR-1206 were mapped to chromo
some 8, they may be in association during the immune response. 

The functional position of microRNA-1206 encoded on chromosome 
8q24 is still elusive [16]. It is one of six annotated miRNAs found in the 
non-coding PVT1 locus [17]. PVT1 was found to be essential in the 
development and incidence of sepsis-induced inflammation and 
myocardial injury [18]. PVT1 and the miR-1204 cluster control may be 
linked to innate and adaptive immunity functions [19]. Recent studies 
have indicated that certain micro-RNAs and long non-coding RNA 
(lncRNA) can correlate with cardiac diseases, and may also be used as 
diagnostic and prognostic markers [20]. 

Various lncRNA interact with miRNAs and affect mRNA stability by 
masking miRNA responsive elements or by competing miRNA binding in 
competing endogenous RNA (ceRNA) networks [21]. Small nucleolar 
RNA host gene 14 (SNHG14), a novel lncRNA located on chromosome 
15q11.2 in humans [22], was expressed within different analyzed tis
sues, including heart tissue [23]. It has been indicated that SNHG14 
could act as a sponge for many microRNAs in different tissues affecting 
the cell apoptosis, proliferation and autophagy [24]. 

The aim of this study is to make use of PTX as a preventive drug in I/ 
R and to investigate its impact on gene expression changes. Also, the 
study traces the competing endogenous RNAceRNA targeting immune 
checkpoint gene (PAG1) in ischemic heart developments and progres
sion, followed by an examination of the correlation between SNHG14, 
miR-1206 and PAG1 in I/R of heart tissue during intake of PTX in 
different doses. Moreover, the gene expression signatures of PAG1, miR- 
1206 and SNHG14 in cardiac tissues will be studied for their novel utility 
as novel diagnostic and prognostic markers for I/R disease. As the 
expression level of miR-1206 in myocardial diseases has not yet been 
identified, the study aims to detect its expression level and follow its 
correlation with other biomarkers. 

2. Materials and methods 

Pentoxifylline was purchased from Sigma-Aldrich Company. Detec
tion Kit of (CD4/CD25/FoxP3) (PE) 130-094-163 & (APC) 130-094-158, 
were supplied from Miltenyi Biotec. 

2.1. Biomarker retrieval 

Bioinformatics analysis was done to retrieve promising biomarkers 
relevant to I/R disease. The protein atlas database showed predicted 
relation between I/R disease and PAG1. (https://www.ebi.ac. 
uk/gxa/query?geneQuery=%5B%7B%22value%22%3A%22T%20cell 
%20receptor%20signaling%20pathway%22%2C%22category%22%3A 
%22%22%7D%5D&organism=homo%20sapiens&conditionQuery=% 
5B%7B%22value%22%3A%22ischemia%20reperfusion%22%7D%2C 
%7B%22value%22%3A%22heart%22%7D%5D&bs=%7B%22homo% 
20sapiens%22%3A%5B%22ORGANISM_PART%22%5D%7D&ds=%7B 
%22kingdom%22%3A%5B%22animals%22%5D%7D#differential). 

The Prediction of miRNA Targets studied by using TargetMiner 
database (https://www.isical.ac.in/~bioinfo_miu/final_html_targe 
tminer/hsa-miR-1206.html) and (http://signalink.org/protein/ 
Q9NWQ8). 

The target miRNA of SNHG14 was predicted using the DianaTools 
program (http://diana.imis.athena-innovation.gr/DianaTools/index.ph 
p). Also the lncRNA (Lnc_SNHG14, ENST00000549804) and miR-1206 
acting as a competing endogenous RNAs available at (http://gyan 
xet-beta.com/lncedb/index.php). 

Ethical approval 

All procedures for the care and use of laboratory animals were 

approved by the Institutional Animal Ethics Committee for Cairo Uni
versity, Faculty of Science (Ethical committee approval number: CUI 
F6418). Adult male wistar rats were obtained from Vaccine and Im
munity Organization, Helwan, Egypt, and were accommodated in an 
animal house before the start of the experimental work, (an adaptation 
of one week). 

2.2. Experimental design 

Thirty adult male Wistar rats weighing 200 ± 20 g, were divided 
after the period of adaptation into five main groups, each group is 
composed of six rats. The first group was served as a naive. The second 
group was served as I/R group. The third, fourth and fifth groups, were 
injected with (PTX doses 20, 30, and 40 mg/kg bwt), respectively. PTX 
dose was injected 5 min before a 45 min occlusion of the left ventricle, 
followed by a 120 min reperfusion in rats. Rats were anesthetized by 
intraperitoneal injection with urethane (1.2 g/kg, i.p.) dissolved in 
water to apply the surgery. Anesthetized Wistar rats were intubated with 
a rodent ventilator at 70–80 breaths/min. The heart was exposed by 
median sternotomy and ligature was placed around the left anterior 
descending coronary artery. The free ends of the ligature were used to 
form a noose around a syringe plunger which was placed flat on the 
myocardium. Coronary occlusion was achieved by tightening the noose 
around the rubber band for 45 min [25]. The naive animals were 
exposed to the same procedure with no ligation reperfusion for 120 min. 
At the end of reperfusion, the animals were euthanized and the blood 
samples were collected and centrifuged for 10 min at 3000 r.p.m. to 
obtain serum for clinical measurement. Hearts were removed immedi
ately, washed in saline (NaCl) solution 0.9% then collected and pre
served for histopathology and molecular analysis. 

2.3. Histopathological examination 

After euthanasia heart was dissected out and fixed in 10% neutral 
formalin saline for 24 h, the tissue was washed, processed in different 
grades of alcohol, cleared in xylene and embedded in paraffin wax. 5 μm 
Sections were cut and routinely stained by hematoxylin and eosin (H&E) 
according to Ref. [26]. Slides were examined under light microscope 
(Olympus BX43) connected to a digital camera (Olympus DP 27) and 
images were received into the connected software (CellSens 
dimensions). 

Histological scoring was performed according to Ref. [27]. Briefly, 
score 0, no damage; score 1 (mild), interstitial edema and focal necrosis; 
score 2 (moderate), diffuse myocardial cell swelling and necrosis; score 
3 (severe), necrosis with presence of contraction bands and neutrophil 
infiltrate; score 4 (highly severe), widespread necrosis with presence of 
contraction bands, neutrophil infiltrate, and hemorrhage. 

2.4. Biochemical analysis 

Evaluation of lactate dehydrogenase (LDH) and creatine kinase (CK- 
MB) enzymes were performed by (Spectrophotometer Unico® 1200) 
according to diagnostic kits obtained from Spectrum company, Cairo, 
Egypt. 

2.5. ELISA assay of CTLA4 and PAG1 protein in cardiac tissue 

Rat cardiac tissue levels of PAG1 and CTLA4 proteins were deter
mined by an enzyme-linked immunosorbent assay according to the 
manufacturer’s instruction of (SUNLONG BIOTECH Co., LTD. (China). 
Briefly, standards or samples were added and combined to the pre- 
coated wells with specific antibody. Then, a Horseradish Peroxidase 
(HRP) conjugated antibody specific for the protein was added to the 
wells and incubated. Finally, the enzyme-substrate reaction was termi
nated and the OD values were measured by (Sunostik ELISA reader). The 
concentration of PAG1 or CTLA4 protein in the samples was determined 
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and multiplied by the dilution factor. 

2.6. Detection of CD4+CD25+FoxP3+ Treg. cells in cardiac tissues by 
flow cytometry according to [28,29] 

Cardiac tissue was fully digested to a cell suspension by adding 
digestive media. The tissue was minced in 10 ml of RPMI 1640 medium 
with 10% fetal calf serum, 600 U/ml collagenase II and DNase I. This 
mixture was shaken and the supernatant was filtered through a 100 μm 
nylon cell strainer. The suspension was washed several times in HBSS 
medium for 10 min. 

Nucleated cells were re-suspended in buffer, then CD4-FITC and 
CD25 antibody were added in equal volumes, and wells were incubated 
in the refrigerator. Cells were washed by adding buffer and the super
natant was aspirated completely. Nucleated cells were re-suspended in 
fixation/permeabilization solution, and then the nucleated cells were 
washed and re-suspended in cold permeabilization buffer after incuba
tion for 5 min and addition of FcR Blocking reagent. The Anti-FoxP3 
antibody was added after washing of incubated cells and pellet was re- 
suspended in a suitable amount of buffer for analysis by (BD Accuri 
C6) flow cytometry instrument. 

2.7. Quantitative PCR analysis for measurement of PAG1 gene, miR- 
1206 and Lnc_SNHG14 

The quantification of mRNA-PAG1 was amplified from the 
Hs_PAG1_1_SG QuantiTect Primer Assay, cat no: 249900, ID: 
QT00032095 and the QuantiTect SYBR Green PCR Kit cat no: 204141 
(Qiagen, Germany). The Primer sequence Hs_ACTB_1_SG QuantiTect 
Primer Assay, cat no: 249900, ID: QT00095431 was used as housekeeper 
gene. All samples were analyzed using the 5 plex Rotor-Gene PCR 
Analyzer (Qiagen, Germany). 

Total and miRNAs were extracted from cardiac tissues using a miR
Neasy Mini Kit; cat no: 217004 (Qiagen, Hilden, Germany) according to 
the manufacturer’s protocol followed by reverse transcription of cDNA 
synthesized using miScript II RT Kit; cat no: 218161; (Qiagen, Hilden, 
Germany). The quantification of miRNA-1206 level was amplified from 
Hs_miR-1206_1 miScript Primer Assay; cat no: 218300, ID: MS00014175 
and the miScript SYBR Green PCR Kit, cat no: 218073. The gene 
expression was normalized by the Hs_SNORD68_11 miScript Primer 
Assay, cat no: 218300, ID: MS00033712 as a housekeeper gene. 

The quantification of Lnc-SNHG14 expression level was amplified 
from RT2 qPCR Primer Assay for Human IPW, Primer Assay; cat no: 
330701:, ID: LPH04422A and the RT2 qPCR SYBR Green/ROX Master 
Mix Kit, cat no: 330520. The gene expression was normalized by the 
Hs_ACTB_1_SG QuantiTect Primer Assay, cat no: 249900, ID: 
QT00095431 as a housekeeper gene. 

2.7.1. Calculation of molecular data 
Data Analysis was done using the ΔΔCT method and an endogenous 

reference control for normalization purposes to calculate gene expres
sion. Data were presented as fold change in expression and were 
calculated as 2(− ΔΔCT), where ΔCT = CT target gene – ΔCT reference 
gene, and ΔΔCT = ΔCT Experimental sample − ΔCT calibrator. 

2.8. Statistical analysis 

The data were analyzed using the computer facility of the available 
statistical software packages of SPSS® software (Version 23, SPSS Inc., 
Chicago, IL). Biochemical data were expressed as means ± standard 
deviation (SD), followed by Tukeyʹs post test with a one-way analysis of 
variance (ANOVA), while the molecular data were expressed as median 
and percentile followed Mann Whitney test for non-parametric vari
ables. Chi-square (ᵡ2) test was analyzed with Kruskal-Wallis H test for 
non-parametric variables. ROC curve was analyzed for molecular data to 
determine sensitivity and specificity of each variable. 

3. Results 

3.1. Effects on LDH, CK-MB cardiac enzymes, PAG1 protein and CTLA4 

Statistical analysis revealed that there was a highly significant in
crease in the mean of serum LDH and CK-MB level in I/R group as 
compared with naive at (p < 0.001) as listed in (Table 1). In addition, 
there was no statistical significance between PTX groups treated with 
doses (30 mg/kg and 40 mg/kg) at (p ˃  0.05). Induction of I/R showed a 
significant elevation in the levels of CTLA4 when compared to the naive 
group. All treated groups showed a significant reduction in comparison 
to the I/R group as listed in (Table 1). The PAG1 protein was highly 
expressed in I/R and PTX (20 mg/kg) groups in a comparison with naive 
animals at (p < 0.001). Moreover, there was no statistical significance 
between PTX groups treated with doses (30 mg/kg and 40 mg/kg) at (p ˃  
0.05) as presented in (Table 1). 

3.2. Flow cytometry of T-regulatory cells 

To determine the role of Treg (CD4+CD25+ FoxP3+) in remodeling of 
I/R in heart tissues of rats, a comparison with PTX groups (Fig. 1) 
revealed that Treg (CD4+CD25+FoxP3+) in I/R rats were significantly 
increased in mean value (8.33 ± 0.03)% compared with naive rats (5.29 
± 0.05)% at (p < 0.001). Also, the mean of Treg (CD4+CD25+ FoxP3+) 
decreased again in PTX protective groups to (6.15 ± 0.05)% at (p <
0.001) in a comparison with I/R group. 

3.3. The relative gene expression of PAG1, miR-1206 and Lnc_SNHG14 
among different studied groups 

As listed in (Fig. 2A) PAG1 expression in naive group ranged from 
0.85 to 1.22 with median (0.99) and Percentiles range (0.91–1.12), 
while I/R group showed fold change ranging from 2.41 to 4.47 with 
median (3.59) and percentile range (2.99–4.04). The statistical signifi
cant difference between the two groups was p value < 0.021. In PTX (20 
mg) treated group showed fold change ranging from 3.58 to 17.75 with 
median (6.61) and percentiles range (4.17–13.11) at p value < 0.110 at 
the same time PTX (20 mg) group still significant with respect to naive at 
p value < 0.021. In PTX (30 mg) treated group showed fold change 
ranging from 1.39 to 6.28 with median (4.83) and percentiles range 
(2.43–6.24) at p value < 0.773 at the same time PTX (30 mg) group still 
significant with respect to naive at p value < 0.021. In PTX (40 mg) 
treated group showed fold change ranging from 0.38 to 1.49 with me
dian (0.43) and percentiles range (0.40–0.97) at p value < 0.021 at the 
same time PTX 40 mg group showed no significance with respect to 
naive group at p value < 0.248. On the other hand, there was no 

Table 1 
The biochemical activities of LDH, CK-MB, PAG1 protein and CTLA4 in different 
studied groups.   

Naive I/R PTX (20 
mg/kg) 

PTX (30 
mg/kg) 

PTX (40 
mg/kg) 

LDH (U/ 
L) 

561.0 ±
86.4 

2294.0 ±
599.9*ab 

1383.3 ±
208.4 

1051.3 ±
91.5♯ 

1041.0 ±
41.2♯ 

CK-MB 
(U/L) 

231.5 ±
47 

1305.8 ±
105.2*ab 

774.8 ±
229.1*♯ 

347.0 ±
49.5♯ 

365.5 ±
156.5♯ 

CTLA4 
(pg/ml) 

143.0 ±
58.3 

502.5 ±
12.4*ab 

323.3 ±
76.5 

218.8 ±
75.5♯ 

237.5 ±
13.4♯ 

PAG1 
(pg/ml) 

282.0 ±
59.9 

2036.0 ±
344.9*ab 

2348.5 ±
461.9*ab 

640.5 ±
198.5♯ 

317.0 ±
144.3♯ 

Values are mean ± SD; number of animals = 6 rats/each group. One-way 
ANOVA followed by Tukey’s comparison test. LDH = Lactate dehydrogenase, 
CK-MB= Creatine Kinase MB, PAG1 protein = Phosphoprotein associated with 
glycosphingolipid-enriched microdomains 1, CTLA4 = Cytotoxic T-lymphocyte 
associated antigen 4, IR= Ischemia Reperfusion, PTX= Pentoxifylline. *P <
0.001 compared to naive group. #P < 0.001 compared to IR group. a P < 0.001 
compared to PTX-30 mg/kg dose. b P < 0.001 compared to PTX-40 mg/kg dose. 
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significant between PTX 20 mg treated group and PTX 30 mg at p value 
< 0.248, while PTX 40 mg treated group was significantly different from 
PTX 20 mg at p value < 0.021, and significantly different from PTX 30 
mg at p value < 0.043. Chi square was analyzed with Kruskal-Wallis H 
test and showed a significant difference among the different groups of 
the study with p value < 0.006. 

Expression of miR-1206 showed fold change with a statistically sig
nificant difference between naive and I/R group was (p < 0.020). PTX 
(20 mg/kg) group showed fold change with median (16.35 ± 7.5) at (p 
< 0.02), while PTX (30 mg/kg) group showed fold change with median 
(20.8 ± 8.3) at (p < 0.02). Moreover, PTX (40 mg/kg) group showed fold 
change with median (58.4 ± 11.6) at (p < 0.02). Chi square was showed 
a highly significant difference among the various research groups with 
(p < 0.001) as listed in (Fig. 2 B). 

The fold change of SNHG14 in naive represented with median (1.14 
± 0.94), while the I/R group showed (4.66 ± 2.41) and there was a 
significant difference between them (p < 0.021). In PTX (20 mg/kg and 
30 mg/kg) groups showed fold change with median (0.021 ± 0.041) and 
(0.007 ± 0.006) respectively at (p < 0.021). In PTX (40 mg/kg) the 
percent of reduction in median with respect to I/R (99.96%) at (p <
0.020) with fold change (0.002 ± 0.003) as showed in (Fig. 2C). 

3.4. Correlation and ROC curve analysis for (PAG1) mRNA, miR-1206 
and SNHG14 

PAG1 showed a significant strong negative correlation with miR- 
1206 at (r = - 0.884, P ≤ 0.001) and a significant strong positive cor
relation with Lnc_SNHG14 at (r = 0.809, P ≤ 0.001). Furthermore, 

Lnc_SNHG14 showed a significant negative correlation with miR-1206 
at (r = - 0.739, P ≤ 0.006) as presented in (Fig. 3 A). The Treg.CD4/ 
CD25/FoxP3 showed a significant strong correlation with PAG1 and 
miR-1206 respectively at (r = 0.692, P ≤ 0.013), (r = - 0.769, P ≤
0.003). While there was no significant correlation with SNHG14 at (r =
0.371, P ≤ 0.235). 

By using ROC curve as indicated in (Fig. 3 B and 3C), the sensitivity 
and specificity for PAG1, miR-1206 and SNHG14 were detected as 
shown in (Table 2), so the estimation of miR-1206 & Lnc_SNHG14 
molecular parameter could be considered a perfect significant test in 
predicting ischemic heart disease. 

3.5. Histopathological results 

As shown in histopathology of I/R rats (Fig. 4) there was a massive 
myocardial destruction throughout the left ventricle with large areas 
coagulative necrosis and showed elevation number of inflammatory and 
infiltration cells. PTX treated groups showed significantly lower 
myocardial damage score comparing to the I/R rats. Histopathological 
score of myocardial lesions was listed in (Table 3). Diseased I/R group 
recorded the highest number in myocardial lesion score (3.7). PTX 
treated groups showed significantly lower sore comparing to I/R group. 

4. Discussion 

The ischemia period followed by reperfusion is associated with sig
nificant alterations in the transcription of gene expression which can 
help in diagnosis and treatment of disease. Moreover, reperfusion injury 

Fig. 1. Flow cytometry of T-regulatory cells in cardiac tissues. 
Flow cytometry analysis of heart tissue samples from rats after treatment with either monoclonal CD25 antibodies conjugated to allophycocyanin (APC) and 
monoclonal Anti-FoxP3 antibodies conjugated to R-phycoerythrin (PE) to label all T lymphocytes. Antibodies to CD4 were conjugated with fluorescein isothiocyanate 
(FITC). Evaluation for statistical significance was performed and expressed as mean ± SEM. Differences were considered to be significant if (P ≤ 0.05); number of 
animals = 4 rats/each group. One-way ANOVA followed by Tukey’s comparison test. 
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Fig. 2. Relative gene expression of molecular markers (PAG1, miR-1206, SNGH14) in different studied groups within heart tissues. 
A) Gene expression of PAG1mRNA in different studied groups. B) Relative miR-1206 expression in different studied groups. C) Relative SNHG14 expression in 
different studied groups. I/R (Diseased group), Treated group: [PTX (20 mg/kg) + PTX (30 mg/kg) + PTX (40 mg/kg)], PTX= Pentoxifylline. Evaluation for sta
tistical significance was performed and expressed as median ± Interquartile Range. Differences were considered to be significant if (P ≤ 0.05) followed Mann 
Whitney test for non-parametric variables. Number of animals = 6 rats/each group. 

Fig. 3. Correlation and ROC curve analysis for PAG1, miR-1206 and SNHG14 
A): Correlation curve for PAG1, miR-1206 and SNHG14 gene expression. B): Sensitivity and specificity of PAG1 gene expression. C): Sensitivity and specificity of miR- 
1206 and SNHG14. P > 0.05 was considered to be not significant, P ≤ 0.05 was considered to be statistically significant. 
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Table 2 
Sensitivity, specificity, AUC, Cutoff value and p-values of the investigated 
markers.   

Sensitivity Specificity AUC Cutoff value p-value 

PAG1 100% 41.7% 0.531 1.95 0.856 
miR-1206 100% 100% 1.000 6.7 0.004 * 
Lnc_SNHG14 100% 100% 1.000 1.132 0.004 * 

P > 0.05 was considered to be not significant, P ≤ 0.05 was considered to be 
*Statistically significant. 

Fig. 4. Histopathology of heart tissues. 
Photomicrograph of heart muscles, stained by H&E, of A) Naive group, showing normal structure of heart muscles. B) IR group, (c) showing perivascular edema and 
mononuclear inflammatory cells infiltration, (d) showing myocardial necrosis and inflammatory cells infiltration, (e) showing extensive myocardial necrosis, muscle 
fragmentation, hemorrhage with presence of contraction band necrosis (arrow). C) PTX (20 mg/kg) group, (f) showing degenerative changes and sporadic 
myocardial necrosis, (g) showing myocardial necrosis and hemorrhage, (h) showing apparently normal myocardium. D) PTX (30 mg/kg), (i) showing perivascular 
edema and necrosis of some cardiomyocytes, (j) showing apparently normal muscle fibers, (k) showing apparently normal muscle fibers with dilated blood vessels in 
between. E) PTX (40 mg/kg), (l) showing apparently normal myocardium with congestion, (m) showing coagulative necrosis of some muscle fibers with hemorrhage 
and (n) showing normal histological structure of myocardium. 

Table 3 
Histological score of myocardial lesion.   

Naive I/R PTX (20 
mg/kg) 

PTX (30 
mg/kg) 

PTX (40 
mg/kg) 

Myocardial 
lesion score 

0.4 ±
0.2 

3.71 ±
0.18 

2.71 ±
0.28 

2.14 ±
0.26 

2.14 ±
0.26 

Data are expressed as mean ± SEM. Histological lesion score of myocardium 
indicates significance in PTX groups in comparison with I/R group at P ≤ 0.05. 
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leads to activation of innate and adaptive immune responses [30], so 
studying immune checkpoints to balance and control the immune 
response to prevent conversion to autoimmune disease is important. The 
number of T cells entering the heart within the first 30 min may 
contribute to an inflammatory cascade involving sequential activation of 
T cells and probably tissue-resident macrophages [31]. Some pharma
cological agents are available to reverse the action of inflammation 
during I/R if it’s used as a protective drug. Thus, the regulation of gene 
expression epigenetically by long non-coding and microRNA can be 
effective and helpful in understanding the therapeutic role. 

PAG has microdomains which are rich in signaling molecules, such 
as Src-related protein tyrosine kinases (PTKs), G proteins, and receptors, 
and are approached to play an important role in cell signaling [32]. 
Analysis of the protein phosphatase association with PAG following T 
cell activation suggests that both cooperate with tyrosine kinase C-ter
minal Src kinase (CSK) to terminate T-cell activation. They primarily use 
PAG to control and overcome triggering of T-cell activation [33]. The 
critical cellular functions require that cytoplasmic protein CSK is 
recruited from the cytoplasm to the membrane by binding with PAG to 
enforce its negative regulatory effect by inactivating Src kinases to sta
bilize the protein tyrosine kinase Lck in inactive conformation sup
porting the PAG dephosphorylation. This is a crucial event during the 
initiation of T-cell activation [12] as well as PAG-overexpressing cells 
that have severe defects in TCR-induced proliferation [32]. PAG1 is 
considered as one of the immune checkpoint genes which acts as a 
negative T-cell regulator to suppress inflammation and control 
lymphocyte action. 

Drugs that elevate intracellular cAMP levels are well-established as 
efficient regulators of innate and adaptive immunity by reducing the 
production of pro-inflammatory mediators and increasing the develop
ment of anti-inflammatory factors. These therapeutic strategies have 
immunoregulatory potential in autoimmune and inflammatory disor
ders [34]. PTX functions as a PDE inhibitor and induces prolonged levels 
of cAMP resulting in the activation of protein kinase A [35]. The 
cAMP/PKA is a potent negative regulator of T-cell receptor-mediated 
activation. In addition, it plays an important role in maintaining ho
meostasis in the T-cell and cellular structure of the heart through a 
proximal PKA/Csk/Lck-anchored pathway [36]. In this study, a 
negative-feedback loop might be working during T-cell activation to 
stabilize the activity of the enzymes responsible for cAMP degredation 
by increasing the local concentration of PDEs. The presence of PTX as a 
protective drug allows for the suppression of PAG1 production with 
effective doses; because of its role in regulating the immune system. 
Relatively overexpression of PAG1 was observed in this study to cause 
an inhibition of T-cell activation and to stabilize cellular membrane of 
heart tissues. Also, PTX may enhance the binding of Csk/PAG1 to inhibit 
T-cell activation. 

The PAG1 levels correlate significantly with the expression of miR- 
1206, SNHG14 and Treg.CD4/CD25/FoxP3. The results show that 
there was a variation in the relative expression of the adaptor molecule 
PAG1 in the way of starting suppression during enhancement in treat
ment of pathological condition. The current study investigated the as
sociation between transmembrane adaptor protein and regulatory 
parameter during protective PTX intake for I/R of heart tissues; as it is 
found a suppression in PAG1 and SNHG14 relative expression level with 
enhancement of miR-1206 during intake of PTX as protective drug with 
effective doses, and this also modulates the stability of membrane. 

To trace the link, we examined the relative expression levels of the 
predicted molecular regulatory elements: miR-1206 and lnc_SNHG14. 
We found that PAG1 may be connected to miR1206, as observed in 
different protective doses, which explains that miR-1206 may be act as 
RNA interference. This may predict that miR-1206 could play an 
essential role in the control of PAG1 gene and affect the immune system 
indirectly; as it is essential for homeostasis of T-cell function. In I/R 
diseased rats, during hypoxia, miR-1206 was downregulated while 
highly upregulated in different doses of cardioprotective drug. These 

results can be used as signal for pharmacological approaches to conduct 
further studies on miR-1206 as a regulator of genes by silencing or 
enhancing during the ischemia reperfusion of the heart. 

SNHG14 was previously found highly expressed in ischemic cerebral 
tissues followed by increased in apoptosis rate and increment in TNF-α 
[37], these data agree with the overexpression of SNHG14 during I/R of 
the heart in the present results. We found a significant difference in the 
expression in all parameters and we showed the diagnostic impact of the 
non-coding parameter. 

A wide range of pathological processes contributed to ischemia and 
reperfusion associated-tissue injury, as hypoxia, is associated with an 
impaired endothelial cell barrier function due to the decreases in ade
nylate cyclase activity and intracellular cAMP levels, and the concomi
tant increase in vascular permeability and leakage [38]. 
Pharmacotherapy, which upregulates cAMP by inhibition of PDE ac
tivity, will prevent the development of CTLA4 and may enhance the 
function of regulatory T-cells [34]. This statement is compatible with 
our result as shown when PDE inhibitor drug (PTX) dose increased, the 
CTLA4 development was suppressed. Moreover, this allows Treg. cells to 
maintain an immunologic tolerance, and affects the activation and 
function of innate immune cells (e.g., macrophages, neutrophils and 
monocytes) to give a normal histological structure. 

CTLA4 is an inflammatory adenosine signal that prevents immuno
logical response, and protects the tissues from associated injury, tissue 
breakdown and hypoxia which generates high levels of extracellular 
adenosine [39]. Adenosine receptor (A2AR) mediated an increase in the 
population of CD4+ CD25+, then the increased CD4+ cells expressed not 
only CD25 and FoxP3, but also CTLA4 [40]. Tregs also modulates the 
macrophage function; the predominant mechanism by which Tregs ex
erts its inhibitory effect on immune responses through the expression of 
CTLA4 molecule on its surface. CTLA4 binds to APC, and thereby pre
vents CD28-mediated activation of CD4+ T-helper cells leading to 
downregulation of T-lymphocyte cytotoxic mediated inflammatory re
sponses [41], and also enhancing FoxP3 expression [42]. Furthermore, 
Tregs are able to produce immunosuppressive cytokines, such as IL-10 
and TGF-β, which decrease the risk of autoimmunity [43]. 

The present results indicate that protecting the heart is accompanied 
by a decrease in the infiltration and accumulation of Treg cells during 
reperfusion after myocardial ischemia by using different doses of PTX. 
Consequently, without down-regulating Treg cells, physiological pro
cesses are at high risk of becoming pathological. Thus, down-regulation 
is of great importance to allow immune responses to be completed [44]. 
Furthermore, we found a higher expression level of Foxp3 in 
PTX-treated groups. Foxp3 is important for the differentiation and 
suppression role of Treg cells [45], which is compatible with current 
data. Our existing data indicated that T-regulatory cells are activated 
during I/R and contribute to inflammatory cascade observed by infil
tration of inflammatory cells in the heart tissue as shown in histopa
thology. These inflammatory cells may be activated due to the 
production of reactive oxygen species during the occlusion of left 
ventricle vein. 

T regulatory cells can inhibit the immune response by number of 
mechanisms one of them through cAMP-mediated immunosuppression 
through a PKA/Csk/Lck pathway; A response for cAMP to activate PKA 
can effect on the forming of a complex with the Csk Binding Protein 
[46], so changing the regulatory T cell may be in relationship with the 
gene expression changes of PAG1/miR-1206/SNHG14. For this reason, 
we studied the Spearman’s correlation between T-regulatory and PAG1; 
as they act as negative T-cell regulator to preserve immune tolerance. As 
the study revealed, the regulation of PAG1 may be affected with regu
latory molecular elements (miR-1206 and Lnc_SNHG14). The detection 
of Treg.CD4/CD25/FoxP3 and gene expression changes under the effect 
of PTX doses showed a significant positive correlation with PAG1. 

In addition, we found that the Tregs expression is correlated with 
miR-1206 significantly in PTX treated groups. These data indicate that 
miR-1206 may regulate some genes related to controlling immune 
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response and inflammation. In the present study, CTLA4, PAG1 and Treg 
cells are upregulated in I/R through the initial activation of T-cells 
within acute inflammation and contributed to preserving self-tolerance. 
We found that Treg and CTLA4 accumulated in injured heart tissues to 
contribute to the repairing processes. However, PTX treatment neu
tralizes Treg’s suppressive function and downregulates CTLA4. 

Moreover, the results presented herein that PTX with different doses 
is a good inducer of cardioprotection during I/R of heart; as the levels of 
LDH and CK-MB isoenzymes, which increased during I/R state, 
decreased significantly in the treated groups due to variation in mem
brane integrity. The results demonstrated that PTX remarkably 
improved the I/R-induced heart injury through inhibiting inflammation, 
and reducing the oxidative stress and the myocardial pathological 
damage. 

PTX regulates immune system, as shown, we found that CTLA4, Treg 
cells and PAG1 help to prevent immunological response to prevent 
autoimmunity under the effect of PTX as a protective drug, and this was 
observed and confirmed in the light of a decreased inflammatory cell 
count in histopathology, an improved myocardial lesion score, a 
myocardial necrosis and muscle fragmentation, to finally give a normal 
histological structure. 

5. Conclusion 

The increase in PAG1 expression was correlated with the persistence 
of cardiac tissue damage, while the inhibition of PAG1 expression could 
be associated with the efficient dose of phosphodiesterase inhibitor 
drugs, such as PTX. Measuring the relative gene expression levels of 
miR-1206 and SNHG14 in cardiac tissue during I/R have a diagnostic 
role. 
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