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Background: There are clear gender differences in the pathological process and outcome in acute myocardial infarction (AMI) 
patients but inflammatory responses remain clarified. Here, we aimed to analyse the correlations between inflammatory cells and organ 
injury parameters in AMI patients and compared between male and female groups.
Methods: A total of 603 AMI patients who underwent percutaneous coronary intervention (PCI) within 24 hours of the onset were 
analysed retrospectively. Basic information and hematological parameters detected 6 hours before the PCI were collected, neutrophil- 
to-lymphocyte ratio (NLR) and monocyte-to-lymphocyte ratio (MLR) were calculated. Renal, liver function indicators, and myocar
dial enzymes were measured. Left ventricular ejection fraction (EF) and fractional shortening (FS) on days 5–7 after PCI were 
obtained. Western blot was performed to detect iNOS, eNOS and nNOS expression in H9C2 rat cardiomyocytes treated with IL-6 with 
and without estrogen and testosterone.
Results: WBC, NEU, MON, MLR, CK, ALT and CREA of male patients were significantly higher than females, but FS was lower in 
females. NEU, MON and MLR were positively correlated with CK, CK-MB, AST, and ALT in males, whereas LYM were correlated 
with these parameters in female. NEU and NLR were inversely correlated with EF or FS only in female. Estrogen and testosterone 
reduced IL-6-induced iNOS protein expression in H9C2 cardiomyocytes, estrogen enhanced IL-6-induced nNOS protein expression.
Conclusion: NEU, MON, MLR in male AMI patients, and LYM in female patients were associated with organ injury parameters. 
Estrogen regulation of nitric oxide pathway may mediate the protective effects in female.
Keywords: acute myocardial infarction, gender differences, immune cells, renal function indicators, liver function indicators, nitric 
oxide synthases

Introduction
Myocardial infarction (MI) is the leading cause of cardiovascular mortality worldwide. MI has been associated with 
various risk factors, including high blood pressure, diabetes, hyperlipidemia, hyperuricemia, smoking, obesity and aging. 
Recent consensus supports gender differences in the incidence and outcome of MI patients.1 Differences in the 
susceptibility and inflammatory responses between genders may contribute to the variances, however, detailed mechan
isms remain unidentified. Different sex hormone receptors (androgen and E2 receptors) in male and female are largely 
attributing to different responses to the similar pathological insults.2 In line with this notion, epidemiological analysis 
demonstrated that the onset of MI is significantly delayed in female before the menopause.3 In addition, female patients 
present less myocardial injury and attenuated maladaptive remodelling in the ischemic or peri-infarct area of the hearts.4 
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Consequently, female hearts show delayed transition to heart failure or cardiac dysfunction.3 Animal studies also 
confirmed mitigated myocardial injury, dysfunction, long-term outcome and death in female MI mice or rats,5 in 
agreement with clinical observations in gender-dependent differences.

Acute MI triggers inflammatory cascades, with immune cells and inflammatory mediators (cytokines, chemokines) 
functioning in a timely and coordinated fashion to initiate apoptosis, necrosis, proteolysis, fibrosis as well as myocardial 
recovery and remodelling.6–11 Neutrophils (NEU) are the first type of immune cells those are recruited to the infarct site to 
initiate oxidative activity and to release proteolytic enzymes. Monocytes (MON) and macrophages, the most abundant 
immune cells, appear in the infarct area for debris removal and immune reactions. Subsequently, lymphocytes (LYM) are 
recruited (3 days – 1 week) to exert immune regression and anti-inflammatory reparative processes, including the wound 
healing and scar formation.12 Between male and female, more NEU has been shown to be infiltrated in infarct area in male 
and become more active, releasing higher amounts of TNFα and IL-6.13,14 Consistently, animal studies showed less IL-1β, 
IL-1α, IL-6, and TNFα levels in the coronary artery of ischemic/reperfusion female rats.15 Furthermore, fewer NEU was 
followed by higher macrophage abundance in female,16 indicating that leukocyte profiling and their activities during and 
post-MI are more favourable in females.16 Recently, Blokland et al showed higher LYM counts and LYM to MON ratio 
(LMR) in female ST-elevation MI patients; higher LMR was associated with lower creatine Kinase-MB (CK-MB), troponin 
and one-year mortality rate.17 The systemic inflammatory responses also affect other organ damages, eg liver and kidney. 
An integration of immune responses and various organ damage may improve the understandings of these differences, which 
is important in optimising the management of sex-specific risk stratification and treatment for better clinical outcomes.

In this study, we aimed to distinguish peripheral immune cell counts of 603 acute MI (AMI) patients and compared 
their associations with heart, liver and kidney damage parameters between female and male. Our results showed clear 
gender differences in inflammatory responses and their correlations with organ damage and functions.

Materials and Methods
Participants
Statistical analysis was performed on the data of 603 patients with AMI and ST elevation in ECG before undergoing 
percutaneous coronary intervention (PCI). These patients were admitted to Yanbian University Hospital of Jilin Province, 
China (January 2016 to December 2019) for the first time (primary PCI). The average age of these patients was 60.65 ± 
10.80 years old, including 450 men (74.6%) and 153 women (25.40%). Patients were divided into male patient groups 
and female patient groups. Patients with acute and chronic infectious diseases, metabolic diseases, such as diabetes, acute 
and chronic cholecystitis, nephritis, bronchitis, myocarditis, rheumatoid arthritis, gout, trauma, liver and kidney dysfunc
tion, thyroid insufficiency or hyperthyroidism, heart failure, immune system diseases and cancer were excluded from the 
study. Basic information (including gender, age, height, weight) and laboratory parameters including white blood cell 
(WBC) counts, hemoglobin (HGB), platelets (PLT), NEU, LYM, MON, eosinophil, taken 6 hours after the onset of 
symptoms were used to calculate neutrophil-to-lymphocyte ratio (NLR) and monocyte-to-lymphocyte ratio (MLR). 
Renal function (blood urea nitrogen (BUN), creatinine (CREA)), liver function (aspartate aminotransferase (AST), 
alanine aminotransferase (ALT)) and myocardial enzymes (CK, CK-MB) from sera were obtained from the laboratory 
examination results of the same samples. Medical history (including past history), the results of echocardiography 
(Canon, ZHB20X2193) on days 5–7 after PCI (left ventricular ejection fraction (EF) and fractional shortening (FS)) were 
obtained from the chart records.

Due to the retrospective design, using anonymized data, no ethical approval was necessary for this study.

Cell Culture and Western Blot Experiment Using H9C2 Cell Line
The H9C2 cells, a cardiac cell strain, were purchased from the Shanghai Fuheng Biotechnology Co., Ltd. (product No. 
FH1004). The cells (3×105 cells per well in a 6-well culture plate) were cultured in medium (DMEM) supplemented with 
10% fetal bovine serum, 1% double antibiotics (penicillin, streptomycin). Cells were grown in a humidified incubator 
consisting of 95% O2 and 5% CO2 at 37°C.
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Immunoblotting experiments were performed to observe inducible nitric oxide synthase (iNOS), endothelial NOS 
(eNOS) and neuronal NOS (nNOS) protein expressions in H9C2 rat cardiomyocytes treated with IL-6 (500 nM, 6h) with 
and without sex hormones estrogen (E2, 10μM, 24h), testosterone (T, 10μM, 24h). Proteins were extracted using RIPA 
lysate buffer and PMSF. The lysates were boiled at 95°C for 5 minutes and fractionated through SDS-PAGE and 
transferred to 5% concentrated gel (mL: H2O 2.1, 30% Acrylamide 0.5, 1.0 M pH 6.8 Tris 0.38, 10% SDS 0.03, 10% 
APS 0.03, TEMED 0.003) or 8% separation gel (mL: H2O 4.6, 30% Acrylamide 2.7, 1.5 M pH 8.8 Tris 2.5, 10% SDS 
0.1, 10% APS 0.1, TEMED 0.006). After the protein was transferred to the PVDF membrane, the membrane was 
blocked in a blocking solution at 25°C for 2 hours. Antibodies for iNOS (NOVUS, NB300-605), eNOS (BD 
Transduction Laboratories TM, 610296), nNOS (BD Transduction Laboratories TM, 610309) and Anti-β-Actin (Bioss, 
bs-0061R) were incubated at 4°C overnight, followed by secondary antibodies (goat anti-rabbit IgGHRP, Life Sciences, 
NC-AP132P; goat anti-mouse IgG/horseradish enzyme label, Nakasugi Jinqiao ORIGENE, ZB-2305 for 2h) and 
washing. The blots were developed using Fluorchem HD2, and the relative density was calculated by normalizing 
each blot with β-actin.

Statistical Analysis
SPSS 23.0 was used for analysis. Data were expressed as mean±SE (SEM). Continuous variables with deviations and 
skewed distributions were expressed as medians with interquartile range. The t-test was used for analysis between 
groups. Non-parametric tests and Pearson’s correlation were performed for the links between inflammation indicators, 
NLR and MLR with organ injury indicators and the cardiac function (EF, FS) of the male and female groups. The scatter 
plots were presented to visually display the correlations. All analyses concluded that a double-sided P value of less than 
0.05 is statistically significant.

Results
Statistical Analysis of Laboratory Test Results in Male (M) and Female (F) Patients
603 AMI patients were divided into male (M, n = 450) and female (F, n = 153) groups. There were no age or BMI 
differences between two groups. All the patients received PCI for the first time and venous blood was collected on 
admission before PCI. The WBC, RBC, HGB, NEU and MON, MLR were significantly greater in M group compared to 
those in F group (Table 1). CK, ALT and CREA were significantly higher in M group and FS was smaller in F group 
(Table 1). These results showed gender differences in inflammatory responses and organ damages.

Correlation Analysis Between Immune Cells and Organ Injury Parameters in All 
Patients
Correlations between WBC, NEU, LYM, MON or NLR and MLR and heart, liver and kidney damage indexes were 
analysed. In all patients, WBC was positively correlated with CK (r = 0.270, P < 0.001), CK-MB (r = 0.249, P < 0.001), 
ALT (r = 0.109, P = 0.007) and AST (r = 0.268, P <0.001). Similarly, NEU was positively correlated with CK (r = 0.257, 
P <0.001), CK-MB (r = 0.241, P <0.001) and AST (r = 0.275, P <0.001). There was a tendency in correlation between 
NEU and ALT (r=0.076, P=0.06) (Figure 1A, Table 2). LYM showed no correlation with all parameters (Figure 1B, 
Table 2). However, MON was positively correlated with CK (r = 0.113, P = 0.005), CK-MB (r = 0.09, P = 0.025), AST 
(r = 0.109, P =0.007), ALT (r = 0.081, P =0.045) and CREA (r = 0.082, P =0.045) (Figure 1C, Table 2). Only NEU 
showed tendency to be negatively correlated with FS (r=−0.078, P=0.05) (Table 2). These results showed specificity of 
immune cells in organ damage or cardiac functional indexes.

Correlation Analysis Between M and F Groups
WBC was positively correlated with CK and CK-MB in both M and F groups (CK in M group: r = 0.278, P <0.001; CK 
in F group: r = 0.218, P = 0.007; CK-MB in M group: r = 0.248, P <0.001, CK-MB in F group: r = 0.249, P = 0.002) 
(Table 3). WBC positively correlated with AST only in M group (r=0.124, p=0.009). WBC showed negative correlation 
with EF and FS only in F group (r=−0.159, P=0.05; r = −0.183, P = 0.024) (Table 3).
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In M group, NEU was positively correlated with CK (r = 0.289, P <0.001), CK-MB (r = 0.266, P <0.001), AST 
(r =0.309, P <0.001) and ALT (r =0.108, P = 0.022). No correlation between NEU and organ damage parameters 
was observed in F group. However, NEU was negatively correlated with EF (r = −0.167, P = 0.039) and FS (r = 
−0.202, P = 0.013) (Table 3).

LYM was not related to any laboratory parameters in M group, except that LYM was negatively correlated with AST in 
M group (r=−0.121, P=0.01). In F group, LYM was positively correlated with CK (r = 0.310, P <0.001), CK-MB (r = 0.286, 
P <0.001), AST (r = 0.328, P < 0.001) and ALT (r = 0.319, P < 0.001). LYM did not show correlation with EF or FS in 
either group (Table 3).

MON showed significant positive correlation with CK (r = 0.120, P = 0.011) and AST (r = 0.103, P = 0.029) 
only in M group. MON showed tendency towards correlation with CK-MB (r=0.086, P=0.06) (Table 3). MON 
showed no correlation with any organ damage parameters or cardiac functional parameters in F group.

Next, we analysed the correlations between NLR or MLR and organ damage parameters in both groups. 
Results showed that NLR and MLR were positively correlated with heart and liver injury parameters in all 
patients (Figure 2A and Figure 2). In M group, NLR was positively correlated with CK (r = 0.111, P = 0.018) and 
AST (r = 0.133, P = 0.005). NLR showed tendency towards correlation with CK-MB (r=0.086, P=0.06) and with 

Table 1 Descriptive Statistical Analysis of Male and Female Groups in Patients with AMI

Variable All n=603 Male n=450 Female n=153 P value

Age 60.65±10.80 60.79±10.87 60.26±10.63 0.100

BMI 24.8 (22.50, 26.90) 24.80 (22.70, 26.92) 24.50 (22.2, 26.7) 0.466

WBC 9.43 (7.50, 11.78) 9.73 (7.85, 12.14) 8.73 (6.88, 10.98) 0.000**

RBC 4.58 (4.21, 4.97) 4.76 (4.37, 5.09) 4.19 (3.8, 4.49) 0.000**

HGB 140 (128, 153) 146 (136, 155) 125 (115, 131) 0.000**

PLT 217 (180, 254) 217 (176, 253) 218 (187, 255) 0.407

NEU 6.47 (4.57, 8.89) 6.73 (4.66, 9.18) 6.01 (4.20, 7.78) 0.005*

LYM 1.88 (1.39, 2.48) 1.90 (1.40, 2.51) 1.77 (1.30, 2.37) 0.198

MON 0.61 (0.46, 0.83) 0.64 (0.49, 0.85) 0.52 (0.37, 0.74) 0.000**

NLR 3.25 (2.07, 5.57) 3.31 (2.09, 5.66) 3.09 (1.95, 5.39) 0.178

MLR 0.32 (0.23, 0.45) 0.33 (0.25, 0.46) 0.27 (0.21, 0.43) 0.001*

CK 226 (107, 722) 266 (113, 777) 172 (89, 498.5) 0.004*

CK-MB 26 (15, 68) 28 (15, 70.25) 22 (16, 50) 0.274

EF 59 (56, 61) 59 (56, 62) 58 (52, 61) 0.077

FS 29 (26, 31) 30 (27, 31) 28 (26, 30) 0.036*

AST 42 (24, 82) 43 (24, 87) 36 (23, 76) 0.232

ALT 26 (18, 41) 28 (18, 42) 22 (15, 37) 0.002*

BUN 5.1 (3.90, 6.60) 5.1 (3.90, 6.50) 5.2 (4.05, 6.70) 0.668

CREA 71 (56, 86) 74 (61, 89) 59 (45, 73.5) 0.000**

Note: *p< 0.05, **p< 0.001, Statistical significance is indicated in bold. 
Abbreviations: BMI, body mass index; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; PLT, platelets; NEU, neutrophils; LYM, 
lymphocytes; MON, monocytes; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; CK, creatine Kinase; CK-MB, creatine 
Kinase-MB; EF, ejection fraction; FS, fractional shortening; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; 
CREA, creatinine.
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ALT (r=0.084, P=0.07). MLR was positively correlated with CK (r = 0.175, P <0.001), CK-MB (r = 0.135, P = 
0.004), AST (r = 0.184, P < 0.001) and ALT (r = 0.112, P = 0.017) in M group (Table 4). No correlation was 
observed between NLR or MLR with organ damage parameters in F group apart from NLR with FS (r = −0.188, 
P = 0.020) (Table 4). These results confirmed the gender differences of AMI patients in associations between 
inflammatory parameters and organ damage at admission and cardiac functional indexes 5–7 days post- PCI.

Effects of Sex Hormones on IL-6-Stimulated iNOS, eNOS and nNOS Protein 
Expressions in H9C2 Cell Line
Inflammatory cytokines during MI induces iNOS protein expression, which are detrimental in cardiac function. However, 
constitutive NOS (eNOS and nNOS) can exert protective effects. Therefore, we tested whether iNOS, eNOS and nNOS 

Table 2 Correlation Analysis of WBC, NEU, LYM, MON and Laboratory Indexes in Patients with AMI

Variable WBC NEU LYM MON

r P r P r P r P

CK 0.270 0.000** 0.257 0.000** 0.038 0.355 0.113 0.005*

CK-MB 0.249 0.000** 0.241 0.000** 0.023 0.572 0.091 0.025*

AST 0.268 0.000** 0.275 0.000** −0.007 0.854 0.109 0.007*

ALT 0.109 0.007* 0.076 0.063 0.077 0.058 0.081 0.045*

CREA 0.045 0.271 0.027 0.513 0.026 0.517 0.082 0.045*

EF −0.025 0.537 −0.044 0.280 0.028 0.491 0.021 0.609

FS −0.052 0.205 −0.078 0.055 0.050 0.225 0.009 0.821

Note: *p< 0.05, **p< 0.001, Statistical significance is indicated in bold. 
Abbreviations: WBC, white blood cell; NEU, neutrophils; LYM, lymphocytes; MON, monocytes; CK, creatine Kinase; CK-MB, creatine Kinase-MB; 
EF, ejection fraction; FS, fractional shortening; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CREA, creatinine.

Figure 1 Correlation studies of NEU, LYM, MON and CK, CK-MB, AST, ALT, CREA in all patients. (A) NEU showed positive correlations with CK, CK-MB, AST and 
tendency towards association with ALT in all patients. (B) LYM showed no correlation with either parameter in all patients. (C) MON was significantly and positively 
correlated with organ damage parameters in all patients. *p< 0.05, **p< 0.001.
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Table 3 Correlation Analysis of WBC, NEU, LYM, MON and Laboratory Indexes in Male and Female Patients with AMI

Variable WBC NEU LYM MON

Male Female Male Female Male Female Male Female

r P r P r P r P r P r P r P r P

CK 0.278 0.000** 0.218 0.007* 0.289 0.000** 0.113 0.165 −0.057 0.230 0.310 0.000** 0.120 0.011* 0.060 0.465

CK-MB 0.248 0.000** 0.249 0.002* 0.266 0.000** 0.147 0.069 −0.072 0.128 0.286 0.000** 0.086 0.069 0.098 0.229

AST 0.124 0.009* 0.071 0.382 0.309 0.000** 0.125 0.123 −0.121 0.010* 0.328 0.000** 0.103 0.029* 0.106 0.193

ALT 0.068 0.150 −0.024 0.772 0.108 0.022* −0.033 0.689 −0.033 0.481 0.319 0.000** 0.059 0.212 0.125 0.124

CREA −0.024 0.617 −0.027 0.737 −0.004 0.939 0.045 0.582 0.018 0.707 0.052 0.524 0.039 0.410 0.133 0.101

EF 0.004 0.928 −0.159 0.050 −0.016 0.734 −0.167 0.039* 0.064 0.175 −0.066 0.417 0.005 0.922 0.040 0.621

FS −0.022 0.641 −0.183 0.024* −0.050 0.293 −0.202 0.013* 0.079 0.092 −0.028 0.730 −0.005 0.918 0.621 0.762

Note: *p< 0.05, **p< 0.001, Statistical significance is indicated in bold. 
Abbreviations: WBC, white blood cell; NEU, neutrophils; LYM, lymphocytes; MON, monocytes; CK, creatine Kinase; CK-MB, creatine Kinase-MB; EF, ejection fraction; FS, fractional shortening; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; CREA, creatinine.
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protein expressions are affected in the presence of inflammatory cytokine IL-6, and whether these changes are affected by 
sex hormones, to gain insights into the changes of NOS in cardiomyocytes. Results showed that IL-6 significantly 
increased iNOS protein expression in H9C2 cells (P<0.05) and E2 or T co-treatment reduced iNOS expression (Figure 3A 
and Figure 3). eNOS protein expression was significantly reduced by E2 or IL-6 (P=0.032, P=0.009, Figure 3A and 
Figure 3). 

In contrast, nNOS protein expression was significantly increased by IL-6 and further increase was observed with 
IL-6+E2 in H9C2 cells (P=0.037, P=0.035, Figure 3A and Figure 3). However, IL-6+T did not increase nNOS protein 
expression (P=0.096, Figure 3A and Figure 3).

Figure 2 Correlation studies of NLR, MLR and CK, CK-MB, AST, ALT, CREA in all patients. (A) NLR was significantly and positively correlated with CK and AST in all 
patients. NLR showed tendency towards association with CK-MB. (B) MLR showed significant and positive correlations with CK, CK-MB, AST and ALT in all patients. *p< 
0.05, **p< 0.001.

Table 4 Correlation Analysis of MLR, NLR and Laboratory Indexes in All Patients, Male and Female Patients with AMI

Variable NLR MLR

All Male Female All Male Female

r P r P r P r P r P r P

CK 0.097 0.017* 0.111 0.018* −0.020 0.803 0.133 0.001** 0.175 0.000** −0.072 0.378

CK-MB 0.076 0.062 0.086 0.069 0.009 0.911 0.106 0.009* 0.135 0.004* −0.025 0.763

AST 0.117 0.004* 0.133 0.005* −0.015 0.852 0.150 0.000** 0.184 0.000** −0.017 0.838

ALT 0.062 0.129 0.084 0.075 −0.077 0.343 0.090 0.027* 0.112 0.017* 0.010 0.903

CREA 0.048 0.238 0.041 0.391 0.057 0.487 0.052 0.201 0.024 0.606 0.120 0.140

EF 0.002 0.966 0.014 0.773 −0.132 0.103 −0.012 0.771 −0.018 0.704 −0.009 0.915

FS −0.006 0.880 0.010 0.826 −0.188 0.020* −0.037 0.361 −0.039 0.405 −0.050 0.543

Note: *p< 0.05, **p< 0.001, Statistical significance is indicated in bold. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; CK, creatine Kinase; CK-MB, creatine Kinase-MB; EF, ejection fraction; FS, 
fractional shortening; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CREA, creatinine.
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Discussion
The present analysis showed clear gender differences in the associations between peripheral venous blood immune cells 
and organ damage parameters in AMI patients before PCI. In general, the stronger the inflammatory response, the greater 
the organ damage indexes, but inflammatory characteristics were different between male and female AMI patients. Male 
patients showed that NEU, MON, NLR or MLR were positively linked with cardiac and liver damage parameters, but 
female patients showed correlations with LYM. In addition, EF and FS 5–7 days after PCI were lower in female AMI 
patients and EF or FS were negatively correlated with the inflammatory indexes in this group. Furthermore, pro- 
inflammatory cytokine (IL-6) significantly increased nNOS protein expression in H9C2 cardiomyocyte cell lines and 
the increase was further upregulated by E2, indicating that female hormone may trigger protective mechanisms to reduce 
myocardial and organ damage in the presence of inflammatory cytokines, but nNOS-upregulation may exert negative 
inotropic effect in the heart. These results also draw attention to LYM in systemic and local inflammatory responses in 
female AMI patients.

In recent years, convincing evidence of the gender differences in AMI patients emerge for better understandings and 
management of acute coronary syndrome (ACS) and cardiovascular diseases. Inflammatory responses are of central 
regulatory mechanisms.18 Previous studies have shown higher inflammatory responses in young female AMI patients, 
due in part to more severe coronary microvascular dysfunction, delay in getting treatment and impaired coronary blood 
flow reserve.19,20 Indeed, female patients with myocardial ischemia frequently shows infarct sites in the microvascular 
coronary arteries21 and more comorbidities in ACS.22–24This is despite of the fact that E2 can protect the heart and 
improve myocardial damage following ischemic reperfusion.25,26 In premenopausal female AMI patients who undergo 
PCI, the interruption of the ovulation cycle, characterized by hypoestrogenemia of hypothalamic origin, appears to be 
related to coronary atherosclerotic heart disease.27 In the present study, the degree of ischemia was comparable between 
male and female, but female AMI patients showed less organ damages and the cardiac contraction was lower 5–7 days 
following PCI. It is known that old female patients (>70 years old) show worse outcome post-PCI. In this cohort, 
majority of female patients are postmenopausal (4 patients were premenopausal) but the age of female patients was 

Figure 3 Immunoblotting results of iNOS, eNOS and nNOS expressions in H9C2 cardiomyocytes. (A) Representative immunoblots of each protein. (B) IL-6 increased 
iNOS expression, which was reduced by T and showed tendency of decrease by E2 (p=0.06). (C) IL-6 reduced eNOS expression and T or E2 co-treatment did not affect its 
expression. (D) IL-6 increased nNOS protein expression and such an effect was enhanced by E2, but not by T.
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comparable to male patients because we collected patients consecutively (2016–2019) who has complete clinical data and 
with clear exclusion criteria. This is counterintuitive to the consensus of the prevalence of older female AMI patients. 
A number of reasons may account for lower number of female patients and less aged female patients (<70 years old): 1) 
patients older than 70 years tend to decline PCI procedure for fear of adverse post-PCI outcome; 2) older female patients 
may have more comorbidities and are excluded from the cohort; 3) older female patients decline treatment due to 
financial difficulties. It should be noted that the ratio between male and female AMI patients around this age group 
represents scenarios witnessed in clinic. These data indicate that the inflammatory responses and cardiac recovery are 
different between male and female, which are consistent with those from previous studies.

After myocardial infarction, cell death triggers series of inflammatory responses, which play vital roles in repairing the 
infarcted myocardium, but inflammation is also related to the pathogenesis of poor ventricular remodeling.28 Early studies 
have shown that NEU exerts cytotoxic effects on viable myocardium in the infarct border zone, thereby prolonging 
ischemic damage,29 especially when NEU are followed by MON accumulation to the injured area, amplifying the 
inflammatory responses.30 The cytokines or chemokines produced from NEU and MON act synergistically in the infarcted 
myocardium, resulting in adverse outcome of the patients.30 Subsequently, the expression of chemokines in infarcted 
myocardium increases and mediates the accumulation of cytokines, eg IL-6, which trigger more leukocytes in peripheral 
venous during acute phase of MI. The increase of WBC and NEU in the acute phase of MI are important in predicting left 
ventricular contractile dysfunction.31 After myocardial infarction, MON accumulation in infarcted area leads to a significant 
increase in the number of LYM subsets in the infarcted myocardium, and LYM are involved in inflammatory processes and 
also contributes to the reduction of the inflammatory responses by secreting protective cytokines (such as IL-10).32,33 In the 
current study, NEU, MON and WBC counts are significantly higher in male AMI patients, and the amount of immune cells 
are positively linked with heart, liver and kidney damages. In contrast, LYM linked to heart and liver damage indexes in 
female. The reason for the immune cell discrepancy is not clear. The severity of ischemia or the timing of infarction may 
contribute to the activation of different immune cell types.34 However, the blood samples were collected within 6 hours 
after the onset of symptoms in both groups and the degree of infarct was similar between male and female patients 
suggesting genuine sex-dependent inflammatory responses following myocardial infarction. Importantly, reduced LYM has 
been associated with immunosenescence, which controls the pathogenesis of cardiovascular diseases, in particular, exacer
bates the outcomes post-Covid-19 infection.35 LYM subtypes and their releasing cytokines may help to understand the 
clinical relevance of LYM in AMI; nevertheless, our results showed clear gender specificity of immune cell profiles and 
their correlations with tissue/organ damage parameters.

Recently, NLR and MLR are shown to be important indicators of inflammation reflecting the degree of systemic 
inflammation and NLR and/or MLR predicts increased morbidity and mortality in a wide range of cardiovascular 
diseases including AMI.36–39 Our results showed greater MLR and higher tendency of NLR in male. And the associations 
between NLR and MLR and organ damage indexes were different between male and females, further support the gender 
specificity during AMI. The major difference seems to be with LYM; indeed, LYM count decrease is shown to be 
associated with the stress response and they are negatively correlated with the prognosis of ACS.40,41

E2 can protect the heart and improve myocardial damage caused by ischemia and ischemia/reperfusion.42 One of the 
potential effects downstream of E2 receptors are nitric oxide (NO)-dependent signalling, including cGMP-mediated relaxation 
and intracellular Ca regulation.26,42 Conversely, disabling the ovarian function may diminish cardiac protective functions in 
females.43 Endothelial NO synthase (eNOS) are generally considered to be downstream of E2 receptor.40 However, neuronal 
isoforms of NOS (nNOS) are proved to be strong cardiovascular protectors in diseased hearts, including AMI and post 
ischemic/reperfusion.44,45 In addition, it is known that inflammatory and pro-inflammatory cytokines induce iNOS 
expression.46,47 High concentration of NO could be produced through iNOS activation, which combines with superoxide 
(O2-) to generate toxic peroxynitrite (ONOO−) during reperfusion, leading to ONOO− -induced cytotoxicity.48,49 Accordingly, 
we have investigated three NOS isoforms in response to inflammatory cytokine, IL-6, in the presence and absence of E2 or 
T. Our results showed that E2 and T reduced IL-6-induced iNOS expression in H9C2 cell line. Conversely, eNOS is reduced by 
IL-6, but neither E2 or T reversed the reduced expression of eNOS. Intriguingly, IL-6 increased nNOS protein expression, and 
IL-6 + E2 further increased nNOS expression, whereas T did not show such an effect. Therefore, E2 exerts protective effects by 
stimulating nNOS and reducing iNOS in cardiomyocytes under inflammatory insults with cytokines. nNOS may prevent Ca 
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overload in cardiomyocytes by restricting Ca influx through L-type Ca channels and/or by enhancing Ca reuptake through 
SERCA into the sarcoplasmic reticulum.50,51 nNOS upregulation may also inhibit mitochondrial and cytosol ROS production 
post-MI, which further prevents myocardial damage during reperfusion. The effects of nNOS in response to different immune 
cell or immunocytokine stimulation and the mechanisms leading to myocardial protection need to be studied in more detail.

Using clinical information, our results showed convincing evidences of gender differences in inflammatory responses of AMI 
patients. The immune cells correlate differently with organ damage parameters between male and female AMI patients. 
Furthermore, we also provided in vitro experimental evidences indicating that E2 may protect cardiomyocytes through regulating 
nNOS and iNOS. The results are of clinical significance in directing therapeutic regime for better target AMI patients.
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