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Abstract: Objective: This study was designed to analyze the changes of serum P62 and Beclin 1 in patients with
acute pulmonary embolism (APE) during treatment and their predictive value for efficacy. Methods: In this retrospec-
tive study, 84 patients diagnosed as APE in Ningbo First Hospital from January 2020 to January 2022 were enrolled
and assigned to a patient group, and 40 healthy individuals who underwent physical examination in Ningbo First
Hospital during the same time period were assigned to a control group. Serum P62 and Beclin 1 expressions were
compared between the two groups, and receiver operating characteristic (ROC) curves were drawn to analyze the
diagnostic value of serum P62 and Beclin 1. The changes of serum P62 and Beclin 1 before and after treatment
were evaluated. The correlations of P62 and Beclin 1 levels with the efficacy in patients were analyzed, and corre-
sponding ROC curves were drawn. Additionally, the expressions of serum P62 and Beclin 1 in patients with different
disease degrees were determined, and their expressions in relapsed patients were compared before treatment.
Results: The patient group showed significantly lower level of serum P62 but higher level of Beclin 1 than the con-
trol group (P<0.05). The areas of under the curves (AUCs) of P62 and Beclin 1 in diagnosing APE were 0.888 and
0.795 respectively. After treatment, patients showed significantly increased P62 expression (P<0.05) and signifi-
cantly decreased Beclin 1 expression (P<0.01). The P62 expression increased with the relief of patient’s disease,
with a positive correlation with the patient’s disease condition, while the Beclin 1 expression decreased with the
relief of patient’s disease, with a negative correlation with the patient’s disease condition (P<0.05). In addition, the
improved group showed significantly higher serum P62 expression (P<0.05) and significantly lower serum Beclin 1
expression than the non-improved group (P<0.05), and the AUCs of P62 and Beclin 1 in predicting the efficacy in
patients with APE were 0.801 and 0.675, respectively. The relapsed group showed significantly lower serum P62 ex-
pression (P<0.05) and significantly higher Beclin 1 expression than the non-relapsed group (P<0.05), and the AUCs
of P62 and Beclin 1 in predicting the recurrence of APE were 0.815 and 0.769, respectively. Conclusion: In patients
with APE, serum P62 decreased, but serum Beclin 1 increased. So, both indictors can be applied for diagnosis, ef-
ficacy prediction and recurrence prediction of APE.
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Introduction 100,000-300,000 lives away each year in the
United States alone [2], with characteristics of

Pulmonary embolism (PE) refers to the clinical high incidence, high rate of missed diagnosis

and pathophysiological syndrome in which the
thrombus in the right heart or venous system
blocks the main trunk of pulmonary artery or its
branches and causes pulmonary circulation
disorder [1]. Acute pulmonary embolism (APE),
a worldwide fatal cardiovascular disease, takes

and high mortality [3]. APE has become a main
health care problem that seriously endangers
patients’ life. However, the pathogenesis of APE
remains unclear. Clarifying its pathogenesis is
of profound significance for the diagnosis and
treatment of it.
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APE often triggers severe hypoxia, lung isch-
emia and lung injury, and clinically, less than
10% of APE patients suffer from secondary
lung infarction [4]. Currently, the research on
the mechanism of lung injury mostly focuses on
injury and oxidative stress. In the last few years,
amid a rise of research on autophagy and apop-
tosis, some scholars have suggested that both
autophagy and apoptosis play an important
role in the lung protection against APE [5].
However, there are few studies on the correla-
tion and mechanism of APE with autophagy and
apoptosis. Sequestosome 1 (SQSTM1), also
known as P62, is an adapter protein related to
LC3-Il and ubiquitinated-protein aggregates
[6]. Its C terminal binds to ubiquitin protein,
interacts with LC3-Il through N terminal and
integrates into phagosome during autophagy,
and then degrades in autophagy lysosome [7].
P62 has been shown to be highly expressed in
a variety of tumors such as lung and liver can-
cers and can thus be adopted as a potential
target for tumor therapy [8, 9]. Beclin 1 is
one of the earliest tumor suppressor genes
found in mammals during autophagy. It regu-
lates the activity of Vps-34 by binding to many
cofactors, forming Beclinl-Vps34-Vpsl5 com-
plex and inducing the initiation of autophagy
[10, 11]. Earlier studies revealed [12, 13] that
upregulation of Beclin 1 promoted cardiomyo-
cyte autophagy and thus exerted cardioprotec-
tive effects.

This study was designed to analyze the expres-
sions of P62 and Beclin 1 in patients with APE
and their predictive value for the efficacy in
patients, with the goal of providing potential
indicators for APE prognosis.

Methods and data
Clinical data

Retrospective analysis was conducted in
patients with APE diagnosed at Ningbo First
Hospital from January 2020 to January 2022.
Sample size calculation: From a review of the
literature, the diagnostic sensitivity of APE was
estimated to be 0.74-0.96, with a median of
0.85, and the specificity ranged from 0.71-
0.95, with a median of 0.83. With the diagnos-
tic test sample size calculation formula:

= < Zi—a/zxépx(l-p) )2
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(o was set to 0.05 and the tolerance error & to
0.08), it was calculated that 84 patients with
APE were needed for the patient group in this
study, and 44 controls were collected for this
study according to the ability to obtain samples
on a 2:1 basis. A control sample of 40 cases
was eventually collected according to the actual
situation. This study was approved by the
Medical Ethics Committee of Ningbo First
Hospital (2022006A-01).

Inclusion and exclusion criteria

The inclusive criteria of patients: 1) Patients
who metthe diagnostic criteria in the Consensus
of Chinese experts on diagnosis and treatment
of APE (2015) according to their pulmonary
angiography results [14]; 2) Patients whose
interval between onset and treatment was less
than 24 hours; 3) Patients with complete clini-
cal data; 4) Patients who were diagnosed with
APE for the first time.

The exclusion criteria of patients: 1) Patients
with a history of chronic heart failure or hepatic
or renal insufficiency; 2) Patients with a history
of hemorrhagic diseases; 3) Patients in the
acute stage of cardiovascular or cerebrovascu-
lar adverse events; 4) Patients with drug aller-
gy; 5) Patients with other contraindications to
anticoagulation or thrombolysis; 6) Patients
with tumor; 7) Pregnant women.

Therapeutic regimen

Patients were treated with thrombolysis com-
bined with sequential anti-coagulation therapy.
Specifically, each patient was given 1.5 million
IU urokinase (Chengdu Tongde Pharmaceutical
Co., Ltd., State Food and Drug Administration
(SFDA) approval number: H51021400) through
intravenous drip within 120 minutes, once a
day, for 6 consecutive days. The next day
after urokinase treatment, 0.1 ml/10 kg low-
molecular-weight heparin calcium (Shenzhen
SCIPROGEN Bio-Pharmaceutical Co., Ltd., SFDA
approval number: H20060191) was injected
subcutaneously for 6 consecutive days. On the
third day of subcutaneous injection of low-
molecular-weight heparin calcium, 2.5 mg war-
farin (Beijing Jialin Pharmaceutical Co., Ltd.,
SFDA approval number: H20103600) was
taken orally in the meantime, and on the 6™
day, the subcutaneous injection of low-molecu-
lar-weight heparin calcium ended. The overlap-
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ping treatment time of warfarin and low-molec-
ular-weight heparin calcium was 4 days.

Enzyme-linked immuno-sorbent assay (ELISA)

Serum was collected from the control group,
and serum was also collected from the patient
group before treatment and after 2 weeks of
treatment. The changes of P62 (ab289654)
and Beclin 1 (ab254511) levels in the patients’
serum were measured through ELISA, with kits
from Abcam Company of the United States. The
operation procedures were conducted strictly
in accordance with the instructions of the kKits,
and a 680 automatic microplate reader pro-
duced by BioRad Company in the United States
was used for the measuring.

Outcome measures

Primary outcome measures: Serum P62 and
Beclin 1 levels were compared between the two
groups, and corresponding receiver operating
characteristic (ROC) curves were drawn. The
changes of serum P62 and Beclin 1 before and
after treatment were evaluated. Patients were
grouped according to the clinical efficacy after
treatment. The criteria for efficacy evaluation
were as follows. It was seen as markedly effec-
tive if the patient had disappeared pulmonary
embolism, recovered blood perfusion, basically
disappeared PTE signs, and basically recov-
ered pulmonary function. It was seen as effec-
tive if the patient had reduced lung lesion area
by more than 50% and alleviated symptoms
and signs. It was seen as ineffective if the
patient had no improvement in imaging exami-
nation results, symptoms and signs, or showed
disease progression or clinical death. Patients
with markedly effective treatment outcome
were assigned to an improved group, and those
with effective or ineffective treatment outcome
were assigned to a non-improved group. The
serum P62 and Beclin 1 levels before treat-
ment were compared between the two groups,
and corresponding ROC curves for prediction
were drawn.

Secondary outcome measures: The clinical
data of the two groups were compared. The
patients were grouped according to the guide-
lines published by American Heart Association
in 2011 [15]. Patients with shock and hypo-
tension were assigned to a high-risk group;
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patients whose echocardiography showed that
the right ventricular motor function was weak-
ened or showed clinical symptoms of cardiac
insufficiency were assigned to a medium-risk
group; patients with normal blood pressure and
no clinical manifestation of right heart failure
were assigned to a low-risk group. The expres-
sions of serum P62 and Beclin 1 in each group
were determined. The data of outpatient reex-
amination of patients within 6 months after
treatment were inquired. The patients were
grouped according to their recurrence, and the
serum levels of P62 and Beclin 1 before treat-
ment were compared between relapsed group
and non-relapsed group.

Statistical analyses

In the present study, SPSS 20.0 software was
adopted for statistical analyses of the collected
data. Measurement data (mean + sd) were
compared between groups using the indepen-
dent-sample t test, and compared within groups
using the paired t test, and expressed as t.
Counting data (%) were analyzed using the Chi-
square test. ROC curves were drawn to analyze
the diagnostic and predictive value of P62 and
Beclin 1 for APE. The One-way ANOVA was
adopted for multi-group comparisons, and the
LSD-t test was used for post hoc test. The
Spearman test was adopted to analyze the cor-
relations of P62 and Beclin 1 with the severity
of the patients’ disease. P<0.05 was consid-
ered statistically significant.

Results
Comparison of clinical data

According to comparison of clinical data, there
was no significant difference between the con-
trol group and the patient group in age, sex,
blood pressure, past medical history, smoking
history and alcoholism history (P>0.05, Table
1).

Expressions of P62 and Beclin 1 in patients
with APE

The serum P62 and Beclin 1 in the control
group and the patient group were quantified via
ELISA. According to the results, the patient
group showed significantly lower serum P62
expression and significantly higher Beclin 1
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Table 1. Comparison of baseline data between the two groups

in the medium-risk group and 36

control group  Patient group

patients in the low-risk group. Then
the levels of P62 and Beclin 1

Items (n=40) (n=84)
Age 0.259
>65 years old 20 51
<65 years old 20 33
Sex
Male 25 50
Female 15 34

Blood pressure
Diastolic blood pressure  81.25+5.56

Past medical history

Hypertension 18 30

Diabetes mellitus 12 20
Smoking history

Yes 25 55

No 15 29
Alcoholism history

Yes 8 15

No 32 69

80.73+4.89
Systolic blood pressure  131.45+8.14 128.23+8.90

among the three groups were com-
pared. According to analysis, the
serum P62 expression of the high-
risk group was significantly lower
0.751 than that of the medium-risk and

low-risk groups, and the P62

expression of the medium-risk

group was significantly lower than
0.603 that of the low-risk group (P<0.05,
0.056 Figure 4). In addition, the high-risk
group showed significantly higher
serum Beclin 1 expression than
the other two groups, and the
medium-risk group showed signifi-
0.746 cantly higher serum Beclin 1

expression than the low-risk group.

According to the Spearman test,
0.774 the P62 expression increased with
the relief of the disease, showing
a positive correlation with the

0.321
0.461

expression than the control group (P<0.05,
Figure 1).

Diagnostic value of P62 and Beclinl in pa-
tients with APE

According to ROC curves of P62 and Beclin 1 in
the diagnostic value for patients with APE, the
area under the curve (AUC) of P62 in diagnos-
ing APE was 0.888, while that of Beclin 1 in
diagnosing APE was 0.795 (Figure 2; Table 2),
suggesting that both P62 and Beclin 1 had cer-
tain value in diagnosing APE.

Changes of P62 and Beclin 1 in patients with
APE before and after treatment

The changes of P62 and Beclin 1 in patients
with APE before and after treatment were com-
pared. According to the results, after treatment,
the P62 expression in the patients increased
significantly (P<0.05), while Beclin 1 expres-
sion in the patients decreased significantly
(P<0.01, Figure 3).

Association of P62 and Beclin 1 with patients’
disease condition

The patients were grouped according to the

severity of their disease at admission, including
10 patients in the high-risk group, 38 patients

6059

disease condition, while the Beclin
1 expression decreased with the
relief of the disease, showing a negative corre-
lation with the disease condition (P<0.05,
Figure 4).

Association of P62 and Beclin 1 with the ef-
ficacy in patients

Patients were grouped according to the clinical
efficacy after treatment, including 60 patients
in the improved group and 24 patients in the
non-improved group. The comparison of P62
and Beclin 1 levels between these two groups
showed that the pretreatment serum P62
expression of the improved group was signifi-
cantly higher than that of the non-improved
group (P<0.05), and the pretreatment serum
Beclin 1 expression of the improved group was
significantly lower than that of the non-improved
group (P<0.05, Figure 5).

The value of P62 and Beclin 1 in predicting the
efficacy on patients

ROC curves of P62 and Beclin 1 in predicting
the efficacy in patients with APE were drawn.
According to the results, the AUCs of P62 and
Beclin 1 in predicting the efficacy were 0.801
and 0.675, respectively (Figure 6; Table 3), sug-
gesting that both P62 and Beclin 1 had certain
value in predicting the efficacy in patients with
APE.
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Figure 1. Expression of serum P62 and Beclin 1 in the patient group and the control group. A. Expression of serum
P62 in the patient group and the control group measured by ELISA. B. Expression of serum Beclin 1 in the patient
group and the control group measured by ELISA. Note: ELISA: Enzyme-linked immuno-sorbent assay. ***P<0.001.
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Figure 2. ROC of P62 and Beclin 1 for APE. A. Area of P62 under the ROC curves for APE. B. Area of Beclin 1 under
the ROC curve for APE. Note: Acute pulmonary embolism (APE), Receiver operating characteristic (ROC).

Table 2. ROC parameters of P62 and Beclin 1 for APE

Area under the Confidence

Prediction variable curve (AUC) interval (Cl) Cut-off value  Sensitivity ~ Specificity Youden index
P62 0.889 0.814-0.964 341 89.30 80.00 69.30
Beclin 1 0.795 0.722-0.877 10.60 66.70 92.50 59.20

Note: Acute pulmonary embolism (APE), Receiver operating characteristic (ROC).

Expressions of P62 and Beclin 1 in patients showed significantly lower serum P62 expres-
with recurrence sion and significantly higher Beclin 1 expres-

sion than the non-relapsed group (P<0.05,
According to the electronic medical records of Figure 7).

the patients in the outpatient department with-
in 6 months, among the 84 patients, there
were 6 cases of death, 78 survived cases, and

Predictive value of P62 and Beclin 1 in pa-
tients with recurrence

10 relapsed cases. The patients were grouped ROC curves of P62 and Beclin 1 in predicting
groups according to their relapses. Further the recurrence of APE were drawn. According to
comparison revealed that the relapsed group the results, the AUCs of P62 and Beclin 1 in
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Figure 3. Changes of P62 and Beclin 1 in patients before and after treatment. A. Changes of P62 in patients with
APE before and after treatment. B. Changes of Beclin 1 in patients with APE before and after treatment. **P<0.01,
***%P<0.0001.
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Figure 4. Association of the severity of disease with P62 and Beclin 1. (A) Association between the P62 level and the
disease before treatment. (B) Association between the Beclin 1 level and the disease before treatment. (C) Associa-
tion between the P62 level and the disease according to the Spearman test. (D) Association between the Beclin 1
level and the disease according to the Spearman test. Notes: *** means P<0.001; **** means P<0.0001. In (C,
D), 1 means the high-risk group; 2 means the medium-risk group and 3 means the low-risk group.

predicting the recurrence were 0.815 and ing that both P62 and Beclin 1 had certain
0.769, respectively (Figure 8; Table 4), suggest- value in predicting the recurrence of APE.
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Figure 5. Levels of P62 and Beclinl in patients with different efficacy. A. Comparison of P62 expression in the
improved group and the non-improved group. B. Comparison of Beclin 1 expression in the improved group and the
non-improved group. Note: * means P<0.05, *** means P<0.001.
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Figure 6. ROC of P62 and Beclin 1 in predicting the efficacy in patients with APE. A. Areas of P62 under the ROC
curve in predicting the efficacy in patients with APE. B. Areas of Beclin 1 under the ROC curve in predicting the ef-
ficacy in patients with APE. Note: Acute pulmonary embolism (APE), Receiver operating characteristic (ROC).

Table 3. ROC parameters of P62 and Beclin 1 in predicting the efficacy in patients with APE
Area under the Confidence

Prediction variable curve (AUC) interval (Cl) Cut-off value  Sensitivity ~ Specificity =~ Youden index
P62 0.801 0.692-0.911 2.040 83.30 70.80 54.20
Beclin 1 0.675 0.550-0.801 13.06 75.00 62.50 37.50

Note: Acute pulmonary embolism (APE), Receiver operating characteristic (ROC).

Discussion ening patients’ lives and resulting in a high

mortality [16]. Clinical research results show
APE refers to the clinical situation that the pul- that APE patients face a risk of recurrence with-
monary circulation is blocked by endogenous or in 10 years after treatment, and the recurrence
exogenous emboli in the branch or trunk of the rate is high [17]. Therefore, finding indicators
pulmonary artery [4]. Misdiagnosis or missed closely related to the recurrence of APE will
diagnosis of it will delay the treatment, threat- help to improve the prognosis.

6062 Am J Transl Res 2022;14(9):6056-6066
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Figure 7. P62 and Beclin 1 expressions in relapsed patients. A. Comparison of P62 in relapsed patients. B. Compari-
son of Beclin 1 in relapsed patients. Note: * means P<0.05, *** means P<0.001.
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Figure 8. ROC curves of P62 and Beclin 1 in predicting the recurrence of APE. A. Area of P62 under the ROC curve in
predicting the recurrence of APE. B. Area of Beclin 1 under the ROC curve in predicting the recurrence of APE. Note:
Acute pulmonary embolism (APE), Receiver operating characteristic (ROC).

Table 4. ROC parameters of P62 and Beclin 1 in predicting the recurrence of APE
Area under the Confidence

Prediction variable curve (AUC) interval (Cl) Cut-off value  Sensitivity ~ Specificity Youden index
P62 0.816 0.663-0.968 2.070 78.30 77.80 56.00
Beclin 1 0.769 0.648-0.891 12.890 72.50 88.90 61.40

Note: Acute pulmonary embolism (APE), Receiver operating characteristic (ROC).

Autophagy is the process of cell catabolism, in vation of pathological damage of related tis-
which lysosome mediates the elimination of sues and cells or even death [19, 20]. Previous
defects, damaged organelles, denatured pro- research has revealed that autophagy can
tein and pathogens in cytoplasm to benefit the restore normal cell homeostasis by inhibiting
normal function of cells and the maintenance inflammatory cytokines to reduce tissue inflam-
of homeostasis [18]. Under normal physiologi- mation-related damage [21]. Additionally, Zhao
cal conditions, autophagy does not affect the et al. [22] found that the activation of autopha-
survival and the function of cells. However, gy can effectively improve the pulmonary
insufficient or excessive autophagy in vivo can inflammatory response. However, APE can
cause abnormal cell function, leading to aggra- result in local blood flow occlusion, circulatory

6063 Am J Trans| Res 2022;14(9):6056-6066
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disturbance, and is prone to induce pulmonary
infarction and lung injury [23]. The research
results suggest a correlation between APE and
autophagy. This study detected the expres-
sions of P62 and Beclin 1 in patients with APE,
and revealed a low P62 expression and a high
Beclin 1 expression in them, also a high value
of P62 and Beclin 1 in diagnosing APE.
Autophagy-related protein Beclinl is a crucial
factor that connects autophagy with tumor cell
genesis and apoptosis. As an autophagy adapt-
er, p62 acts as a substrate in the process of
cell autophagy, and degrades through autopha-
gy, with a wide range of functions [24, 25].
According to the results of the present study, it
can be speculated that the changes of lung
injury caused by pulmonary embolism in pa-
tients lead to the activation of autophagy level.
Our further results showed that P62 decreased
in patients with insignificant efficacy, while
Beclin 1 increased in those patients, suggest-
ing that P62 and Beclin 1 levels were related to
the efficacy in patients. ROC analysis showed
that P62 had a higher value in predicting the
efficacy in patients with APE than Beclin 1.

The present study also analyzed the changes of
P62 and Beclin 1 in patients before and after
treatment. According to the results, after treat-
ment, the serum expression of P62 in patients
increased significantly, while that of Beclin 1
decreased. Furthermore, the levels of P62 and
Beclin 1 were found to be linked with the
patient’s disease condition. These results indi-
cated the involvement of P62 and Beclin 1 in
the occurrence of APE. Becattini et al. [26]
found that the levels of D-dimer in patients with
APE increased with the severity of APE, sug-
gesting that the two were correlated with the
severity of APE, and they could be used as out-
come measures to reflect the severity of APE. In
the present study, a correlation was found
between P62 and Beclin 1 through correlation
test analysis, and the levels of P62 and Beclin
1 changed with the severity of the disease, sug-
gesting that p62 and beclin 1 can also be used
as outcome measures for the severity of APE.

Clinical research has shown that APE is often
characterized by thromboembolism, that is,
falling deep vein thrombosis will enter the pul-
monary artery with blood flow, which lead to a
high morbidity and mortality [27]. APE occurs
and develops quickly, and can destroy the bal-
ance of coagulation system and fibrinolysis sys-
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tem, and increase coagulation factors and
fibrin. Although it can be relieved by relatively
effective anticoagulation therapy, such as uro-
kinase therapy, it may still recur [28]. Finally,
this study analyzed the expression of P62 and
Beclin 1 in relapsed patients. The results
showed that P62 decreased while Beclin 1
increased in relapsed patients. Araz et al. [29]
found that mean platelet volume had a sensitiv-
ity of 91% and a specificity of 77% in predicting
the recurrence of APE, while Yang et al. [30]
showed that the AUC of D-dimer in predicting
the recurrence of APE at 12 months after treat-
ment was 0.683 and the AUC in predicting the
recurrence of APE at 24 months was 0.730,
suggesting that D-dimer could be a predictor of
recurrence of APE. In the present study, the
AUCs of P62 and Beclin 1 in predicting the
recurrence of APE were 0.816 and 0.769,
respectively, and the sensitivity and specificity
of them were relatively stable. Our results sug-
gested that both P62 and Beclin 1 had a value
in predicting the recurrence of APE.

This study has determined the clinical value of
P62 and Beclin 1 in patients with APE, but it
still has some limitations. First of all, we did not
follow up the patients, but just checked the
electronic medical records of their outpatient
examinations to analyze their survival, with a
short spanning time in query, which may com-
promise our results to a certain extent.
Secondly, the sample size is limited in such a
retrospective study. Finally, the mechanism of
P62 and Beclin 1 in APE remains unclear. In
particular, P62 and Beclin 1 are differentially
expressed in a variety of diseases, and their
specificity for APE needs further validation.
Therefore, further investigation is needed in
the future to determine the mechanism of P62
and Beclin 1 in APE.

To sum up, serum P62 decreased, but serum
Beclin 1 increased in patients with APE, so
these two indexes can be adopted for diagno-
sis, efficacy prediction and recurrence predic-
tion of APE.
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