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Value of Bax and Bcl2 expression in peripheral 
blood mononuclear cells for clinical prognosis of 
patients with chronic heart failure
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Abstract 
To investigate the expression of Bax and Bcl2 protein in peripheral blood mononuclear cells (PBMC) of patients with chronic 
heart failure (CHF), and to analyze their value for predicting major adverse cardiovascular event (MACE) in CHF patients. A total of 
154 fasting venous blood samples from CHF patients were collected in our hospital from January 2017 to June 2019, and they 
were divided into 2 group according to whether MACE occurred during 3 years follow-up, MACE group and No-MACE group. 
Levels of Bax and Bcl2 protein expression in PBMC of CHF patients using enzyme-linked immunosorbent assay (ELISA), and 
then evaluated the predictive power of Bax and Bcl2 expression for MACE using logistic regression analysis and ROC curve. 62 
(40.26%) of 154 CHF patients occurred MACE during follow-up, and there were significant differences in age, diabetes, LVEF, 
LDL-C and NYHA grade between MACE group and No-MACE group. Levels of Bax protein expression in PBMC of CHF patients 
in MACE group were significantly higher than those in No-MACE group, while levels of Bcl2 protein expression were significantly 
lower than those in No-MACE group, and Bax and Bcl2 protein levels increased and decreased with NYHA grades in MACE group 
and No-MACE group, respectively. Results of univariate and multivariate logistic regression analysis showed that Bax (OR, 1.026; 
95% CI, 1.003–1.049; P = .027) and Bcl2 levels (OR, 0.952; 95% CI, 0.908–0.998; P = .041) were independent predictive factors 
for MACE in CHF patients. In addition, Bax and Bcl2 levels could be used to differentiate CHF patients at risk for MACE with an 
AUC of 0.744 (95% CI: 0.660–0.827) and an AUC of 0.743 (95% CI: 0.667–0.819), respectively. Levels of Bax and Bcl2 protein 
in PBMC could be used as independent predictive factors for MACE in CHF patients.

Abbreviations: CHF = chronic heart failure, DBP = initial diastolic blood pressure, ELISA = enzyme-linked immunosorbent assay, 
LVEF = left ventricular ejection fraction, MACE = major adverse cardiovascular event, PBMC = peripheral blood mononuclear cells, 
SBP = systolic blood pressure.

Keywords: Bax, Bcl2, chronic heart failure, peripheral blood mononuclear cells

1. Introduction
Heart failure is a group of complex clinical syndromes caused 
by initial myocardial damage caused by various reasons, 
resulting in abnormal cardiac structure or function, accom-
panied by ventricular filling or impaired ejection function, 
mainly manifested as dyspnea, fatigue, limited exercise tol-
erance and fluid retention.[1,2] Heart failure is the end stage 
of various heart diseases, which not only seriously affects the 
daily life of patients, but also has a high mortality and disabil-
ity rate.[3,4] Chronic heart failure (CHF) refers to a persistent 
state of heart failure that can be stable, worsening, or decom-
pensated, which can be divided into 3 levels with no clear tem-
poral boundaries, namely cardiac remodeling, asymptomatic 
cardiac insufficiency, and clinical heart failure.[5] Importantly, 
stroke volume and cardiac output in patients with CHF is 

significantly decreased with increasing severity of heart fail-
ure, significantly increasing the risk of major adverse cardio-
vascular events (MACE).[6,7] Therefore, early diagnosis and 
therapeutic measures have important clinical significance for 
patients with CHF.

At present, although the pathogenesis of chronic heart fail-
ure has not been fully revealed, the mechanism of cardiomyo-
cyte apoptosis is widely accepted to play an important role 
in the development of CHF.[8,9] Apoptosis plays an important 
role in a variety of physiological processes, including embryo-
genesis, maintenance of normal tissue homeostasis, and aging. 
Both human and animal models suggest that cardiomyocyte 
apoptosis is associated with heart failure, and apoptosis is 
involved in the progression from cardiac hypertrophy to heart 
failure.[10,11] Furthermore, previous studies have demonstrated 
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that cardiomyocyte apoptosis plays an important role in the 
development of LV dysfunction in HF with reduced ejection 
fraction.[12,13]

The B-cell lymphoma-2 (Bcl2) family is a family of proteins 
involved in apoptosis and anti-apoptosis, which are located 
in the mitochondrial membrane and function as promoters, 
regulators, and effectors of intrinsic apoptotic pathways.[14,15] 
Bcl2, an important member in the Bcl2 family, is an anti- 
apoptotic protein, while Bcl2-associated X protein (Bax) is a 
protein that promotes cell death and is a negative regulator 
of cell death.[16] Previous studies have shown that Bax/Bcl2-
mediated cardiomyocyte apoptosis plays an important role in 
the development and progression of chronic heart failure.[17,18] 
Such as Chen C et al found that found that Paeonol allevi-
ated the histopathological injury and suppressed the apopto-
sis in CHF-modeled rats, inhibited miR-21-5p expression, and 
upregulated SKP2 expression in vitro and in vivo, and miR-
21-5p downregulated the expression of Bcl-2 and upregulated 
the expression of Bax.[19] However, the value of Bax and Bcl2 
expression in peripheral blood mononuclear cells (PBMC) for 
clinical prognosis of patients with CHF is still unclear. In the 
present study, we designed to investigate the value of Bax and 
Bcl2 protein expression in PBMC for predicting MACE in 
CHF patients.

2. Patients and methods

2.1. Patients and ethics statement

From January 2017 to June 2019, there are 154 cases patients 
with CHF being prospectively recruited into the present study 
at Liangzhou Hospital of Wuwei City. These CHF patients 
must meet the following standards. Inclusion criteria: age ≥ 18 
years old; according to “Chinese guidelines for the diagnosis 
and treatment of heart failure 2018,”[20] patients were diag-
nosed with chronic heart failure; disease causing chronic heart 
failure is clear; anti-heart failure treatment for not <1 month; 
informed about the content of this research and voluntarily 
participated in this research. Exclusion criteria: malignant 
disease, severe infectious disease, history of organ transplan-
tation, acute decompensated heart failure or severe liver and 
kidney insufficiency; acute coronary events occurred within 
1 month before enrollment, including unstable angina, acute 
ST-segment elevation myocardial infarction, acute non-ST-
segment elevation myocardial infarction; cardiac insufficiency 
caused by other heart diseases, such as congenital heart disease, 
myocarditis, cor pulmonale and primary heart valve disease, 
etc; acute onset of heart failure 2 weeks before enrollment; 
failed to complete 3-year follow-up; severe non-cardiovascular  
and cerebrovascular diseases occurred during follow-up, such 
as malignant tumors, severe infections, severe damage to 
liver and kidney functions, and severe trauma diseases, etc. 
This study complies with the principles of the Declaration 
of Helsinki and was reviewed and approved by the Ethics 
Committee of Liangzhou Hospital of Wuwei City (Approval 
number LZH20200312001).

2.2. Data collection

We collected the clinical data of patients at admission, includ-
ing age, gender, admission time, blood collection, initial systolic 
blood pressure (SBP), initial diastolic blood pressure (DBP), left 
ventricular ejection fraction (LVEF), medication history, medical 
history, hospitalization history, laboratory test data, comorbidi-
ties (hypertension) and living habit (smoking). The grade of car-
diac function was assessed by the New York Heart Association 
(NYHA) in patients with CHF at admission. All patients were 
followed for 3 years and observed for the development of 
MACE, including cardiovascular-related death, cardiac arrest, 

cardiogenic shock, and complete heart block with severe hae-
modynamic impairment requiring pacing therapy.

2.3. Levels of Bax and Bcl2 protein assay

Peripheral blood samples were drawn from CHF patients at 
admission, followed by centrifugation (1000 × g, room tem-
perature, 10 minutes) to separate blood cells and serum. We 
used density gradient centrifugation to analyze peripheral 
blood mononuclear cells (PBMC), and added cell lysate buffer 
(P0013C, Beyotime) after cell counts to release Bax and Bcl2 
proteins. And then we used human Bcl2 associated X protein 
(Bax) ELISA Kit (EK12824, Signalway Antibody) to detect lev-
els of Bax protein in lysis of PBMC, and used human B-Cell 
leukemia/lymphoma 2 (Bcl2) ELISA Kit (EK12835, Signalway 
Antibody) to detect levels of Bcl2 protein in lysis of PBMC.

2.4. Statistical analysis

Data in the present study were analyzed by SPSS 19.0 soft-
ware (SPSS Inc., Chicago, USA). Qualitative data are presented 
as counts (%), and P values are calculated using chi-square 
or Fisher exact test as appropriate. Kolmogorov-Smirnov test 
was used to check whether quantitative data conformed to a 
normal distribution, data that conformed to a normal distri-
bution were presented as (mean ± standard deviation), and 
unpaired Student t test was used to compare differences and 
calculate P values. Quantitative data that did not conform to a 
normal distribution are presented as the median (interquartile 
range), and Mann–Whitney U test was used to compare differ-
ences and calculate P values. Receiver operating characteristic 
(ROC) curves were constructed and the area under the curve 
(AUC) was calculated to assess the performance of Bax and 
Bcl2 levels in distinguishing between CHF patients with and 
without MACE at 3 years follow-up. P < .05 indicated signif-
icant difference.

3. Results

3.1. Baseline data of CHF patients

A total of 154 CHF patients were divided into 2 groups accord-
ing to whether MACE occurred during follow-up period, namely, 
MACE group (n = 62, MACE occurred) and No-MACE (n = 92, 
MACE not occurred). We compared the baseline data between 
these 2 groups, and found that there were no significant differ-
ences between the 2 groups in baseline data (P > .05), including 
gender, BMI, smoking, hypertension, SBP, DBP, TC, TG, HDL-C 
and BUN, while there were significant differences in age, diabe-
tes, LVEF, LDL-C and NYHA grade (P < .05) (Table 1).

3.2. Expression of Bax and Bcl2 in PBMC of patients with 
CHF

We detected the level of Bax and Bcl2 protein in PBMC lysis 
of patients with CHF. As showed in Figure 1, the expression 
of Bax in MACE group were significantly higher than those in 
No-MACE group (P < .05) (Fig. 1A), and Bax levels rise with 
NYHA grades in MACE group (Fig. 1B) and No-MACE group 
(Fig. 1C). Similarly, the expression of Bcl2 in MACE group were 
significantly lower than those in No-MACE group (P < .05) 
(Fig. 2A), and Bcl2 levels decrease with NYHA grades in MACE 
group (Fig. 2B) and No-MACE group (Fig. 2C).

3.3. Risk factors for MACE in CHF patients

Univariate and multivariate logistic regression analysis were 
used to analyze independent predictive factors for MACE in 
CHF patients, and results showed that age (OR, 1.571; 95% 
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CI, 1.203–2.052; P = .001), LVEF (OR, 1.864; 95% CI, 1.272–
2.731; P = .001), Bax levels (OR, 1.026; 95% CI, 1.003–1.049; 
P = .027) and Bcl2 levels (OR, 0.952; 95% CI, 0.908–0.998; 
P = .041) were independent predictive factors for MACE in 
CHF patients (Table 2).

3.4. Bax and Bcl2 for predicting MACE in CHF patients

Among 154 patients with CHF, 62 (40.26%) patients with CHF 
occurred MACE during 3-years followed-up, and we used ROC 
curve to analyze the value of Bax and Bcl2 levels in PBMC for 
prediction of MACE in CHF patients. The results of ROC curve 

Table 1

Baseline data of chronic heart failure patients in MACE and No-MACE group [mean ± sd/n (%)].

Index MACE (n = 62) No-MACE (n = 92) t/χ2 P 

Age (yr) 67.29 ± 6.07 58.83 ± 6.62 8.041 <.001
Male 39 (62.90) 61 (66.30) 0.188 .664
BMI (kg/m2) 24.34 ± 1.37 24.49 ± 1.33 0.686 .494
Smoking 37 (59.68) 53 (57.61) 0.065 .798
Hypertension 35 (56.45) 51 (55.43) 0.016 .916
Diabetes 37 (59.68) 58 (63.04) 5.005 .025
SBP (mm Hg) 121.95 ± 19.75 127.00 ± 18.37 1.623 .107
DBP (mm Hg) 85.53 ± 10.60 84.39 ± 11.21 0.633 .528
LVEF (%) 56.85 ± 7.34 39.49 ± 6.93 14.887 <.001
TC (mmol/L) 4.42 ± 1.31 4.40 ± 1.32 0.209 .834
TG (mmol/L) 1.53 ± 0.41 1.52 ± 0.58 1.279 .203
HDL-C (mmol/L) 1.26 ± 0.34 1.27 ± 0.37 0.307 .270
LDL-C (mmol/L) 2.96 ± 0.21 2.84 ± 0.24 3.053 .003
BUN (mmol/L) 5.44 ± 1.19 5.46 ± 1.23 0.533 .595
NYHA
I + II 22 (35.48) 63 (68.47) 16.305 <.001
III + IV 40 (64.52) 29 (31.52)

BMI = body mass index, BUN = blood urea nitrogen, DBP = diastolic blood pressure, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, LVEF = left ventricular 
ejection fraction, NYHA = New York Heart Association, SBP = systolic blood pressure, TC = total cholesterol, TG = triglycerides.

Figure 1. Expression of Bax protein in PBMC of patients with CHF. A-C, ELISA kit was used to detected the expression of Bax protein in PBMC of CHF patients 
in MACE + No-MACE group (A), MACE group (B), or No-MACE group (C). CHF = chronic heart failure, ELISA = enzyme-linked immunosorbent assay, MACE = 
major adverse cardiovascular event, PBMC = peripheral blood mononuclear cells.

Figure 2. Expression of Bcl2 protein in PBMC of patients with CHF. A-C, ELISA kit was used to detected the expression of Bax protein in PBMC of CHF patients 
in MACE + No-MACE group (A), MACE group (B), or No-MACE group (C). CHF = chronic heart failure, ELISA = enzyme-linked immunosorbent assay, MACE = 
major adverse cardiovascular event, PBMC = peripheral blood mononuclear cells.
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analysis showed that Bax or Bcl2 levels could be used to differ-
entiate patients at risk for occurring MACE. And ROC curve of 
Bax with an AUC of 0.744 (95% CI: 0.660–0.827), Bcl2 with 
an AUC of 0.743 (95% CI: 0.667–0.819), Bax combined with 
Bcl2 with an AUC of 0.777 (95% CI: 0.705–0.849) (Fig. 3).  
At the same time, When the Bax level of 443.5 ng/ ml was used as 
the cutoff value to distinguish the MACE of CHF patients, and  
the sensitivity of Bax level in the diagnosis of MACE in patients 
with CHF is 78.25% and the specificity is 79.35%. Similarly, 
when the Bcl2 level of 144.5 ng/ ml was used as the cutoff value 
to distinguish the MACE of CHF patients, and the sensitivity 
of Bcl2 level in the diagnosis of MACE in patients with CHF is 
65.43% and the specificity is 88.71%.

4. Discussion
Epidemiological statistics show that the incidence of heart fail-
ure in China is increasing year by year, with an annual incidence 
of 0.28% for people aged ≥ 25, 1.03% for people aged ≥ 65, and 
1.66% for people aged ≥ 80. It is estimated that there are 2.97 
million/ year new-onset heart failures and 12.05 million heart 
failure patients over the age of 25 nationwide.[21,22] Importantly, 
about 50% of heart failure patients in China die 5 years after 
diagnosis, the survival rate is lower than that of many types 
of cancer, and the mortality rate caused by heart failure has 
increased by 6 times in the past 40 years.[23] Major adverse car-
diovascular event (MACE) is the main direct cause of death in 
CHF patients, so independent predictors that predict the occur-
rence of MACE in CHF patients have important implications 
for preventing MACE in CHD patients.[24,25] Clearly, all types 
of heart failure are characterized by an increased amount of cell 
death, which is divided into apoptosis, programmed death, and 
autophagy.[26,27] Therefore, factors related to apoptosis are con-
sidered to be involved in the development of heart failure.

In this study, we found that levels of Bax protein expression 
in PBMC of CHF patients in MACE group were significantly 
higher than those in No-MACE group, while levels of Bcl2 pro-
tein expression were significantly lower than those in No-MACE 
group, and Bax and Bcl2 protein levels increased and decreased 
with NYHA grades in MACE group and No-MACE group, 
respectively. And the present result is similar to a previous study 
by Liu W, et al,[18] and Liu W, et al found that compared with 
healthy people, the expression of Bax mRNA were significantly 

increased and Bcl2 mRNA were significantly decreased in 
PBMC of CHF patients.[18] In addition, Liu W, et al also found 
Bax mRNA was negatively and BCL2 mRNA expression was 
positively associated with cardiac function in CHF patients.[18]

Further analysis, Bax is an important pro-apoptotic protein 
of the Bcl2 apoptosis regulatory protein family, and Bcl2 is an 
important anti-apoptotic protein of the Bcl2 apoptosis regulatory 
protein family.[28] In healthy cells, Bax is mainly present in the cyto-
plasm, and when stimulated by death, Bax initiates conformational 
activation, migrates to mitochondria, and becomes embedded in 
the mitochondrial outer mold, where it binds to relevant factors 
to initiate the apoptotic program.[29,30] And Bcl2 inhibits the pro- 
apoptotic effect of Bax by forming a dimer with Bax, thereby 
exerting an anti-apoptotic effect.[31] Previous study has shown that 
apoptosis is associated with heart failure in both human and ani-
mal models, and that apoptosis is involved in the progression from 

Table 2

Univariate and multivariate logistic regression analysis of independent predictive factors for MACE in chronic heart failure patients.

Index 

Univariate Multivariate

OR (95% CI) P OR (95% CI) P 

Age 1.229 (1.147–1.316) <.001 1.571 (1.203–2.052) .001
Gender 1.160 (0.592–2.274) .665   
BMI 1.089 (0.566–2.096) .798   
Smoking 0.919 (0.722–1.169) .491   
Hypertension 1.042 (0.545–1.994) .901   
Diabetes 0.475 (0.247–0.916) .026 0.206 (0.020–2.135) .186
SBP 0.986 (0.969–1.003) .107   
DBP 1.010 (0.980–1.040) .525   
LVEF 1.334 (1.223–1.454) <.001 1.864 (1.272–2.731) .001
TC 1.117 (0.398–3.134) .833   
TG 15.446 (0.225–158.045) .204   
HDL-C 0.026 (0.000–16.663) .269   
LDL-C 10.122 (2.106–48.647) .004 53.493 (0.023–125729.846) .315
BUN 0.665 (0.149–2.963) .592   
NYHA 0.308 (0.157–0.603) .001 0.675 (0.081–5.625) .716
Bax 3.589 (2.125–6.059) <.001 1.026 (1.003–1.049) .027
Bcl2 0.106 (0.043–0.259) <.001 0.952 (0.908–0.998) .041

BMI = body mass index, BUN = blood urea nitrogen, CI = confidence interval, DBP = diastolic blood pressure, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, 
LVEF = left ventricular ejection fraction, NYHA = New York Heart Association, OR = odds ratio, SBP = systolic blood pressure, TC = total cholesterol, TG = triglycerides.

Figure 3. ROC curve of Bax or Bcl2 expression in PBMC for prediction of 
MACE in CHF patients. MACE = major adverse cardiovascular event, PBMC 
= peripheral blood mononuclear cells.
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cardiac hypertrophy to heart failure.[32] Moreover, cardiomyocyte 
apoptosis plays an important role in the development of left ventri-
cle dysfunction in heart failure with reduced ejection fraction, and 
cardiomyocyte loss is a well-defined feature of heart failure with 
reduced ejection fraction.[33,34] Therefore, the present results suggest 
that the protein levels of Bax and Bcl2 in PBMC of CHF patients 
are related to the occurrence of MACE.

Furthermore, results of univariate and multivariate logistic 
regression analysis in the present study showed that Bax and 
Bcl2 levels in PBMC of CHF patients were independent predic-
tive factors for MACE in CHF patients, and Bax and Bcl2 levels 
could be used to differentiate CHF patients at risk for MACE 
with an AUC of 0.744 and an AUC of 0.743, respectively, con-
firming their high diagnostic value.

In conclusion, our results in the present study showed that 
Bax and Bcl2 protein expression in PBMC is related to the 
occurrence of MACE in CHF patients, and levels of Bax and 
Bcl2 protein in PBMC could be used as independent predictive 
factors for MACE in CHF patients.

4.1. Limitation

It should be pointed out that as a single-center observational 
study, this study has its limitations, such as the sample size of 
this study is still very small, and the results of the study need to 
be further verified by multi-center large sample size. In addition, 
PBMCs are composed of multiple types of cells, and the detailed 
mechanisms require further analysis.
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