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Abstract 

Background: Autophagy is an intracellular 

process responsible for degrading and 

repairing damaged organelles and proteins. 

Autophagy may play a role in tissue repair and 

inflammatory response, whereas elevated 

levels of CA 19-9, have been associated with 

severe inflammation. However, the 

relationship between autophagy and CA 19-9 

levels in calculous cholecystitis remains 

unclear. 

Objective: This study aims to assess the 

expression of autophagy markers Beclin-1 and 

LC3A in patients with CA 19-9 positive 

calculous cholecystitis. 

Methods: Clinical data of twenty-four patients 

divided into Group A (high group with CA19-

9 >50, U/mL, n = 8), Group B (normal group 

with CA19-9 <50 U/mL, n = 8), and Group C 

(negative control group with CA19-9 <50 

U/mL, n = 8) who underwent cholecystectomy 

were analyzed. Immunohistochemical analysis 

measured the expression of Beclin-1 and 

LC3A in gallbladder tissue, and clinical 

parameters, including gallbladder wall 

thickness and inflammatory markers, were 

recorded. 

Results: Significantly higher Beclin-1 and 

LC3A expressions were seen in patients with 

high CA 19-9 levels (mean areas 15.95% and 

20.70%, respectively, p < 0.01). This suggests 
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that elevated CA 19-9 levels are linked to an 

increase in autophagic activity, which may be 

associated with worse disease outcomes in 

patients with calculous cholecystitis. 

Conclusion: Beclin-1 and LC3A expression 

suggest the involvement of autophagic activity 

in elevated CA 19-9 calculous cholecystitis. 

Particularly for patients with increased CA 19-

9 levels, targeting autophagy may provide 

novel treatment approaches. To investigate 

these possibilities, more study is required. 

Keywords: Calculous cholecystitis, 

Gallbladder polyps (Cholesterol Polyps), CA 

19-9, Autophagy, Beclin-1, LC3A, Gallbladder 

inflammation 

 

Introduction 

Autophagy is a fundamental cellular 

mechanism, plays a critical role in maintaining 

cellular homeostasis by degrading and 

recycling damaged or dysfunctional cellular 

components [1]. Cholecystitis, an 

inflammation of the gallbladder, often results 

from gallstone formation [2]. CA 19-9, a 

tumor marker predominantly utilised in the 

detection of pancreatic cancer, has also been 

linked in the diagnosis and prognosis of other 

gastrointestinal illnesses, including 

cholecystitis [3]. It is thought that Beclin-1 and 

LC3A, two autophagy-related proteins, are 

crucial in controlling inflammation and 

cellular reactions in this condition [4]. In 

cholecystitis, the autophagy pathway might 

play a protective role by reducing cellular 

stress and promoting the clearance of damaged 

cellular components [3]. It is postulated that in 

calculous cholecystitis, increased CA 19-9 

levels could be associated with altered 

autophagic activity, potentially mediated by 

Beclin-1 and LC3A [5]. Depending on the 

cellular environment, changes in Beclin-1 

expression can affect the autophagic flow and 

result in either increased cell death or greater 

survival [6]. Autophagosome formation is 

indicated by the change of LC3A by its 

cytosolic form (LC3-I) to its bound by the 

membrane phase (LC3-II), which is a 

frequently used indicator of autophagic 

activity [7]. In the context of calculous 

cholecystitis, investigating LC3A expression 

could reveal how autophagy is modulated in 

response to gallstone-induced stress and 

inflammation [8]. 

The role of autophagy-related proteins in 

calculous cholecystitis also extends to their 

potential as biomarkers for disease diagnosis 

and prognosis. Beclin-1 and LC3A expression 

levels could serve as indicators of autophagic 

activity and cellular stress in cholecystitis 

patients [6]. Beclin-1 and LC3A are a few of 

the elements that regulate the autophagy 

process. Beclin-1 is associated with initiation 

of autophagy and the generation of AVGs; and 

LC3A participates in the extension and sealing 

of autophosomal membrane [9]. The 

dysfunction of such proteins can result in 

reduced autophagic activity and the diseases 

linked to them include; cancer, 

neurodegenerative diseases, and inflammatory 

diseases [10]. The relationship between 

autophagy and CA 19-9 levels in calculous 

cholecystitis has not been clearly described 

and clarifying this relation might be useful in 

revealing the pathophysiology of the disease 

and possible treatment approaches [11]. 

However, the detailed impact of the alteration 

of Beclin-1 and LC3A activity in this 

connection has not been investigated before 

[12]. Moreover, increased concentrations of 

the cancerous marker CA 19-9, which is 

http://www.megajournalofcasereports.com/


www.megajournalofcasereports.com Page 3 

frequently used to identify pancreatic cancer, 

are also observed in calculous cholecystitis 

affected patients according to [13]. Better 

biomarkers for the aforementioned condition 

can be created by determining the correlation 

between CA 19-9 levels and autophytic 

activity, hence enhancing diagnosis [14]. 

Current therapeutic strategies mainly include 

the common surgical treatment of removal of 

the gallbladder (cholecystectomy) and using 

antibacterial agents and analgesics for the 

alleviation of manifestations [15]. These 

treatments are beneficial to many patients; 

however, none of them correct the 

pathophysiological processes of the disease 

[16]. Further studies on those molecular 

mechanisms of Beclin-1 and LC3A in 

calculous cholecystitis would help in 

formulating targeted therapeutic strategies for 

patients [17]. 

Seeing how the rate of gallstone disease has 

risen in the population and how costly and 

invasive it is, there is a pressing need for 

methods and approaches to diagnose and treat 

calculous cholecystitis to be investigated [17]. 

Thus, they include autophagy-related proteins, 

which can be targeted in the development of 

new therapeutic strategies; for instance, 

Beclin-1 and LC3A [18]. Thus, in this work, 

based on analysis of AEs participating in the 

conditions of increased CA 19-9 levels, it is 

planned to fill significant gaps in the current 

knowledge about calculous cholecystitis and to 

create a basis for designing more efficient 

diagnostic and therapeutic approaches [19]. 

 

Materials and Methods 

This study followed a quantitative research 

design, focusing on numerical data analysis 

obtained from tissue samples. The research 

was conducted at the Hepatobiliary 

Department of the First Affiliated Hospital of 

Anhui Medical University, Hefei, China, 

between June 2023 and July 2024. The 

hospital’s Ethical and Scientific Committee 

granted ethical approval, and all participants 

provided informed consent before enrollment. 

The study included 24 patients (6 males and 18 

females) who underwent cholecystectomy. The 

inclusion criteria were: Patients with elevated 

serum CA 19-9 levels (>50 U/mL) diagnosed 

with calculous cholecystitis. Completion of 

laboratory and imaging tests (routine blood 

tests, abdominal ultrasonography, and MRI) 

within one week of surgery. No history of liver 

disease, bile duct stones, pancreatitis, cancer, 

or neoplastic conditions. Final diagnosis 

confirmed by pathological analysis from the 

Pathology Laboratory of the First Affiliated 

Hospital of Anhui Medical University. The 24 

patients were divided into three groups: Group 

A (High CA 19-9 group): 2 males, 6 females 

(mean age: 44.38 ± 13.77 years), Calculous 

cholecystitis with serum CA 19-9 >50 U/mL. 

Group B (Normal CA 19-9 group): 3 males, 5 

females (mean age: 47.25 ± 17.69 years), 

Calculous cholecystitis with serum CA 19-9 

<37 U/mL. Group C (Negative control group): 

1 male, 7 females (mean age: 48.13 ± 11.97 

years). Cholesterol polyps with normal serum 

CA 19-9 levels (<37 U/mL). Gallbladder tissue 

samples were preserved in 10% formalin 

solution, which later on embedded in paraffin 

and processed with hematoxylin and eosin 

(IHC) staining to analyze histological changes 

in the mucosa. Optical microscopy was used to 

assess tissue integrity and pathology, with 

images captured for further analysis. 
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Immunohistochemistry 

The Envision Flex Kit (Dako Cytomation) was 

used for immunohistochemical analysis to 

detect Beclin-1 and LC3A proteins. Tissue 

sections were formalin-fixed and paraffin-

embedded (FFPE), dried at 66°C for 30 

minutes before staining. Tissue sections were 

deparaffinized in xylene and rehydrated 

through graded ethanol solutions (100%, 95%, 

and 80%). 3% hydrogen peroxide was used to 

block endogenous peroxidase activity. Slides 

were boiled in citrate buffer (pH 6.0) using a 

pressure cooker for antigen retrieval. After 

cooling, EBIOGO 3% Peroxidase-Blocking 

Solution was applied for 5 minutes at 37°C. 

Slides were rinsed with PBST buffer 

(Phosphate-Buffered Saline with Tween 20). 

Primary antibodies (Beclin-1 and LC3A) were 

applied at 1:200 dilutions (BIOSS Bs-1353R) 

and incubated for 60 minutes at 37°C. 

Secondary antibodies (Rabbit/Mouse) were 

applied for 30 minutes at 37°C. Staining was 

visualized using EBIOGO DAB color 

developer, and slides were counterstained with 

hematoxylin for 2-5 minutes. Slides were 

washed with PBST, dehydrated through 

ethanol, cleared in xylene, and mounted with 

synthetic resin. Beclin-1 and LC3A expression 

were analyzed under an Olympus CX41 

microscope, with two independent observers 

reviewing the slides for consistency. 

Evaluation of Immunohistochemical 

Staining 

Tissue sections were evaluated at 5x 

magnification using ImageJ software. Areas 

with moderate to severe inflammation were 

analyzed, while regions with metaplastic 

epithelium were excluded. Positive expression 

(>5%) indicated high Beclin-1 or LC3A levels, 

while negative expression (<5%) indicated low 

levels. 

Statistical Analysis 

Clinical data were managed in Excel. 

Statistical analyses, including one-way 

ANOVA, chi-square tests, t-tests, and Tukey's 

multiple comparisons, were performed using 

GraphPad Prism 10.1.1 (324). A P-value <0.05 

was considered statistically significant. 

Immunohistochemical results were analyzed 

using ImageJ software to quantify protein 

expression. 

 

Results 

Table 1 provides a summary of the 

demographic and clinical characteristics of 

patients, categorized into three groups based 

on their serum CA 19-9 levels: High, Normal, 

and Negative Control groups. In terms of 

serum CA 19-9 levels, all patients in the High 

Group had levels exceeding 37 U/ml, with 

38% of patients in the 37-111 U/ml range, 

another 38% in the 111-370 U/ml range, and 

24% with levels above 370 U/ml. Both the 

Normal and Negative groups exhibited serum 

CA 19-9 levels below 37 U/ml. The difference 

in CA 19-9 levels between the High Group and 

both the Normal Group (P1 = 0.0035) and 

Negative Group (P2 = 0.0032) is statistically 

significant, but there is no difference between 

the Normal and Negative groups (P3 = 0.9993).
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Table 1: Demographic analysis of calculous cholecystitis patients (high and normal groups) compared 

to a negative control group. 

Data are presented as mean ± SD., P1: High group vs. Normal Group, P2: High group vs. Negative 

Control, P3: Normal Group vs. Negative Control, Analyzed using Tukey's multiple comparisons test. 

 

Table 2 reports the blood indices, liver 

function tests, inflammatory markers, 

gallbladder wall thickness, and operation 

duration across the three patient groups. 

Notably, the High Group shows a significantly 

higher White Blood Cell (WBC) count, The 

difference in WBC count in between the High 

Group and both the Normal and both the 

Normal Group (P1 = 0.0024) and Negative 

Group (P2 = 0.0017) is statistically significant, 

but there is no difference between the Normal 

and Negative groups (P3 = 0.9880) suggesting 

a pronounced inflammatory response. 

Similarly, the neutrophil (P1 = <0.0001: P2 = 

<0.0001: P3 = 0.9546) and lymphocyte (P1 = 

0.0325: P2 = 0.0425: P3 = 0.9912) have 

statistically significant difference, which 

indicate an active immune response. 

Gallbladder wall thickness, assessed through 

MRI, is significantly greater in the High Group 

and have significant statistical difference 

(P1<0.0001) compared to the Normal 

(P2<0.0001) and Negative groups (P3=0.7933). 

This suggests more severe inflammation and 

structural changes in patients with elevated CA 

19-9 levels. Furthermore, operation duration is 

longer and also have statistical difference in 

the High Group (approximately 115 minutes, 

P1 =0.0032) compared to the Normal (75 

minutes, P2 = 0.0013) and Negative groups 

(70 minutes, P3=0.9185). This indicates that 

higher CA 19-9 levels are associated with 

more complex surgical procedures. 

 

 

 

 

 

High group 

(n=8) 

Normal 

group 

(n =8) 

Negative 

group 

(n =8) 

 

P1 

 

P2 

 

P3 

Age (years) 44.38 

±13.77 

47.25 ±17.69 48.13 ±11.97 0.9192 0.8668 0.9922 

Gender 

Male 

Female 

 

2 (25%) 

6 (75%) 

 

3 (38%) 

5 (62%) 

 

1 (12%) 

7 (88%) 

 

 

 

  

Serum CA19-9 

levels 

<37U/ml 

37-111U/ml 

111-370U/ml 

>370 

 

0(0%) 

3(38%) 

3 (38%) 

2 (24%) 

 

8 (100%) 

 

 

8 (100%) 

0.0035 0.0032 0.9993 
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Table 2: Pre-operative laboratory findings of calculous cholecystitis patients (high and normal groups) 

compared to a negative control group. 

 High group 

(n =8) 

Normal 

group 

(n =8) 

Negative 

group 

(n =8) 

 

P1 

 

P2 

 

P3 

ALB (g/L) 

TB (µmol/L) 

DB (µmol/L) 

ALT (U/L) 

AST (U/L) 

ALP (U/L) 

GGT (U/L) 

WBC × 109/L 

NEUT % 

LYM % 

MONO % 

NLR 

LMR 

HGB (g/L) 

PLT × 109/L 

Gallbladder 

thickness (mm) 

Operation duration 

(min) 

46.88± 1.98 

13.87±3.02 

2.75±1.26 

22.58±13.55 

24.21±7.50 

81.39±31.01 

35.80±34.36 

9.98±1.58 

72.28±3.98 

41.94±3.61 

5.87±1.06 

1.73±0.158 

7.37±1.60 

139.4±5.06 

256.6±57.51 

7.87±1.97 

113.1±10.67 

43.39± 3.42 

11.01±2.89 

3.85±3.65 

23.69±12.33 

22.03±9.164 

86.81±26.87 

83.41±188.7 

6.48±2.35 

53.60±5.25 

34.69±5.81 

6.00±2.43 

1.60±0.41 

6.52±2.49 

136.9±25.22 

226.1±84.89 

3.55±0.47 

75.00±26.19 

46.94 ± 3.75 

11.34±4.25 

3.18±2.20 

25.90±13.75 

22.68±6.589 

76.41±35.23 

39.03±23.48 

6.35±1.32 

52.64±9.39 

35.03±6.16 

7.18±3.40 

1.56±0.43 

5.44±1.85 

142.1±11.47 

231.5±41.62 

3.13±0.91 

71.00±20.96 

0.0916 

0.2421 

0.6701 

0.9845 

0.8430 

0.9358 

0.6746 

0.0024 

<0.0001 

0.0325 

0.9945 

0.7549 

0.6800 

0.9493 

0.6127 

<0.0001 

0.0032 

0.9991 

0.3248 

0.9410 

0.8708 

0.9187 

0.9457 

0.9982 

0.0017 

<0.0001 

0.0425 

0.5529 

0.6087 

0.1611 

0.9391 

0.7152 

<0.0001 

0.0013 

0.0848 

0.9795 

0.8584 

0.9403 

0.9849 

0.7854 

0.7096 

0.9880 

0.9546 

0.9912 

0.6140 

0.9684 

0.5464 

0.7968 

0.9845 

0.7933 

0.9185 

ALB: Albumin, TB: Total bilirubin, DB: Direct bilirubin, ALT: Alanine transaminase, AST: Aspartate 

aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma-glutamyl transpeptidase, WBC: White 

Blood Cell, NEUT: Neutrophils, LYM: Lymphocytes, MONO.: Monocyte, NLR: Neutrophil-

lymphocytes ratio, LMR: lymphocytes-monocyte ratio, HGB: Hemoglobin, PLT: Platelets,, Gall 

bladder wall thickness: observed by MRI, operation duration: recorded in minutes. Data are presented 

as mean ± SD., P1: High group vs. Normal Group, P2: High group vs. Negative Control, P3: Normal 

Group vs. Negative Control, Data analyzed using Tukey's multiple comparisons test. 

 

In Figure 1A, patients in the High Group demonstrate significantly elevated CA 19-9 levels compared 

to both the Normal and Negative groups. The Normal and Negative Control groups show similarly low 

CA 19-9 levels, suggesting that the elevation is primarily associated with severe calculous cholecystitis. 

Figure 1B shows pre- and postoperative CA 19-9 levels in the High Group, where levels as high as 800 

U/ml drop dramatically to near-zero after surgery. This decrease highlights the effectiveness of 

cholecystectomy in resolving the underlying pathology and normalizing CA 19-9 levels. 
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Figure 1: Serum CA 19-9 Comparisons in different groups of patients. Figure 1A: Comparison of 

serum CA 19-9 levels between the high and normal group of calculous cholecystitis patients with 

negative control group. Figure 1B: Comparison of serum CA 19-9 levels before and after surgery in the 

high group of calculous cholecystitis patients. Asterisks (**) denote statistically significant p-values, 

while "ns" indicates "not significant." 

 

Figure 2A illustrates that patients with elevated CA 19-9 levels (High Group) have thicker gallbladder 

walls (around 8 mm) compared to the Normal and Negative groups (approximately 3.5 mm). The 

positive correlation between CA 19-9 levels and gallbladder thickness (r = 0.8630, P < 0.0001) shown 

in Figure 2B suggests that higher CA 19-9 levels are associated with more severe inflammation. 

 

 

Figure 2: Gallbladder Wall Thickness and Correlation with Serum CA 19-9 in different group of 

patients. Figure 2A: Comparison of gallbladder wall thickness in calculous cholecystitis patients among 

the high and normal with negative control group. Figure 2B: Positive correlation between gallbladder 

wall thickness and serum CA 19-9 levels in different group of patients. "****" indicate for p-values 

Statistical significance, while Notation "ns" is for “not significant”. 

 

Figure 3A shows significantly elevated WBC counts in the High Group, reflecting a strong systemic 

inflammatory response. A moderate positive correlation between WBC counts and CA 19-9 levels (r = 

0.5615, P = 0.0043) is depicted in Figure 3B, indicating that CA 19-9 may reflect inflammation 

severity. 
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Figure 3: Comparison of WBC counts and correlation with serum CA 19-9 levels in different group of 

patients. Figure 3A: Comparison of WBC counts in calculous cholecystitis patients among high and 

normal with negative control group. Figure 3B: Correlation between WBC counts and serum CA 19-9 

levels in different group of patients. "**" for P-values indicate statistical significance, while "ns" 

denoting “not significant.” 

 

Table 3: Area percentage of Beclin-1 expression in gallbladder epithelial cells from high and normal 

CA19-9 calculus cholecystitis patients compared to negative control group. 

Beclin-1 High n=8 Normal n=8 Negative n=8 

Positive (Area >5%) 7 (87%) 2 (25%) 2 (25%) 

Negative (Area < 5%) 1 (13%) 6 (75%) 6 (75%) 

 

Figure 4A reveals that neutrophil counts are significantly higher in the High Group compared to other 

groups, suggesting greater immune activation. Figure 4B shows a moderate positive correlation 

between CA 19-9 levels and neutrophil counts (r = 0.6594, P = 0.0005), reinforcing the role of CA 19-9 

as an inflammation marker. 
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Figure 4: Comparison of neutrophil counts and correlation with serum CA 19-9 levels in different 

group of patients. Figure 4A: Comparison of neutrophil counts in calculous cholecystitis patients 

among high and normal with negative control group. Figure 4B: Positive correlation between 

neutrophil counts and serum CA 19-9 levels in different group of patients. "****" indicate for P-values 

statistical significance, with "ns" denoting “not significant.” 

 

Table 4: Area percentage of LC3A expression in gallbladder epithelial cells from high and normal 

CA19-9 calculus cholecystitis patients compared to negative control group. 

LC3A High n=8 Normal n=8 Negative n=8 

Positive (Area >5%) 7 (87%) 2 (25%) 2 (25%) 

Negative (Area < 5%) 1 (13%) 6 (75%) 6 (75%) 

 

Figure 5 shows that lymphocyte counts are elevated in the High Group (approximately 45 x 10^9/L) 

compared to the other groups. This suggests an enhanced immune response in patients with elevated 

CA 19-9 levels. 

 

 

Figure 5: Comparison of Lymphocytes in calculous cholecystitis patients of high and normal with 

negative control group."*" indicate for p-values Statistical significance, while Notation "ns" is for “not 

significant”. 
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Figure 6A compares operation duration among the groups, with the High Group showing the longest 

surgical times. Figure 6B presents a moderate positive correlation (r = 0.5620, P = 0.0043) between 

CA 19-9 levels and operation duration, indicating that elevated CA 19-9 levels are associated with 

more complex surgical interventions. 

 

 

Figure 6: Overview of operation time and correlation with serum CA 19-9 levels in different group of 

patients. Figure 6A: Comparison of operation time in calculous cholecystitis patients among high and 

normal with negative control group. Figure 6B: Positive correlation between operation time and serum 

CA 19-9 levels in different group of patients. "**" indicate P-values statistical significance, with "ns" 

denoting “not significant.” 

 

Table 3 and Table 4 show that 87% of patients in the High Group exhibit positive Beclin-1 and LC3A 

expression, indicating elevated autophagy activity. In contrast, only 25% of patients in the Normal and 

Negative groups show positive expression. 

In Table 5 we assessed that the High group shows significantly higher Beclin-1 expression compared 

to both the Normal and Negative groups, with P-values of 0.0024 and 0.0022, respectively. There is no 

significant difference between the Normal and Negative groups (P3 = 0.9994), indicating that Beclin-1 

expression is low and similar in these groups. Whereas LC3A shows significantly higher expression in 

high group compared to the Normal and Negative groups, with very low P-values (<0.0001), indicating 

a highly significant difference. Similar to Beclin-1, LC3A expression is not significantly different 

between the Normal and Negative groups (P3 = 0.9446). These findings reinforce the hypothesis that 

autophagy plays a significant role in the pathophysiology of calculous cholecystitis, particularly in 

cases with elevated CA 19-9 levels. 

 

Table 5: Statistical difference between Beclin-1 and LC3A expression in gallbladder epithelial cells 

from high and normal CA19-9 calculus cholecystitis patients compared to negative control group. 

 High group 

(n =8) 

Normal group 

(n =8) 

Negative group 

(n =8) 

P1 P2 P3 

Beclin-1 

 

15.95±9.71 

 

3.86±2.34 

 

3.75±4.09 

 

0.0024 

 

0.0022 

 

0.9994 
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LC3A 20.70±10.10 4.05±1.25 3.08±2.23 <0.0001 <0.0001 0.9446 

LC3A: isoform of microtubule-associated protein 1 light chain 3. Data are presented as mean ± SD., P1: 

High group vs. Normal Group, P2: High group vs. Negative Control, P3: Normal Group vs. Negative 

Control, Data analyzed using Tukey's multiple comparisons test. 

 

In Figure 7. We have observed the tissue samples using Immunohistochemistry (IHC) staining, these 

slides showing Beclin-1 expression in gallbladder epithelial cells across different patient groups: High 

Group: This section labeled A, B, C: show strong brown staining, indicating higher Beclin-1 expression, 

particularly in the section labeled A. The intense staining suggests a higher level of autophagy in this 

group. This could imply that autophagic activity is upregulated, possibly as a cellular response to stress 

or damage, such as bile obstruction or inflammation. Normal Group: labeled D, E, F shows moderate to 

lowest staining visible in these panels, with less intensity compared to the High Group. Beclin-1 is 

expressed, but at lower levels. This indicates normal autophagic activity, which is likely consistent with 

physiological conditions where there is no excessive cellular stress. Negative Control group: labeled G, 

H, I show little to no brown staining is observed in these section which serves as a baseline control, 

confirming that any visible staining in the other groups is specific to Beclin-1. The absence of staining 

here shows that without specific cellular triggers, autophagy is minimal. 

 

 

Figure 7: Expression of Beclin-1 in gallbladder epithelial (magnification x05) cells of high and normal 

CA19-9 calculus cholecystitis patients compared to negative control group. 

 

In Figure 8. We have observed the tissue samples using Immunohistochemistry (IHC) staining, these 

images focuses on the expression of LC3A in gallbladder epithelial cells across different patient groups: 

High Group: The sections labeled A, B, C shows strong brown staining is observed, similar to the 

Beclin-1 slide, which indicates high levels of autophagic activity, with LC3A playing a role in the 
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formation of autophagosomes. It aligns with the Beclin-1 findings, further suggesting elevated 

autophagy in the High Group, likely as a response to stress (e.g., inflammation or gallstone obstruction). 

Normal Group: sections labeled D, E, F shows Moderate or light staining is present, showing lower 

intensity compared to the High Group. The expression of LC3A is relatively normal, representing 

baseline autophagic activity. This fits with physiological processes in tissues with no significant 

pathological stress. Negative Control group: sections labeled G, H, I) shows Little to no staining, 

similar to the Beclin-1 negative control slide, which confirms that the LC3A staining in other groups is 

specific, and any staining observed in the High or Normal groups reflects true autophagic activity. 

 

 

Figure 8: Expression of LC3A in gallbladder epithelial (magnification x05) cells of high and normal 

CA19-9 calculus cholecystitis patients compared to negative control group. 

 

Correlation with Beclin-1 Findings: Both Beclin-1 and LC3A show elevated expression in the High 

Group, indicating autophagy is upregulated. This suggests a consistent autophagic response to the 

pathological state (e.g., inflammation, bile stasis) present in the High Group. These findings reinforce 

the notion that autophagy could be a key player in modulating the disease's progression. 

Figure 9 provides a quantitative comparison of Beclin-1 and LC3A expression, measured using ImageJ 

software. Both markers show significantly higher expression in the High Group, correlating with 

increased disease severity. The differences between the High Group and the other groups are 

statistically significant (P < 0.01 for Beclin-1, P < 0.0001 for LC3A). These findings confirm that 

autophagy plays a crucial role in the pathophysiology of calculous cholecystitis, particularly in patients 

with elevated CA 19-9 levels. The results suggest that CA 19-9 serves as a reliable marker for tracking 

disease severity and may reflect autophagy-related processes driving gallbladder inflammation. 
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Figure 9: Positive area percentage of Beclin-1 and LC3A expression in gallbladder epithelial cells 

from high and normal CA19-9 calculus cholecystitis patients compared to negative control group. 

LC3A: isoform of microtubule-associated protein 1 light chain 3. "*" indicate for p-values Statistical 

significance, while Notation "ns" is for “not significant”. 

 

Discussion 

This present study investigate the expression 

of two important autophagy markers in 

gallbladder epithelial cells—Beclin-1 and 

LC3A—to determine the role of autophagy in 

patients with calculous cholecystitis, especially 

those with elevated CA 19-9 levels. The results 

imply a strong relationship between the 

severity of calculous cholecystitis, raised CA 

19-9 levels, and enhanced autophagy activity. 

To the best of our knowledge, this work is the 

first to focus on the autophagy process in the 

gallbladder epithelium of patients with CA 19-

9 positive calculous cholecystitis. 

Autophagy Marker Expression Beclin-1 and 

LC3A 

Our results demonstrate that both Beclin-1 and 

LC3A expressions are significantly elevated in 

the High Group, characterized by elevated CA 

19-9 levels, in contrast to the Normal and 

Negative Control Groups. The quantitative 

analysis (Table 5) and corresponding IHC 

images (Figures 7 and 8) reveal that patients 

with high CA 19-9 levels exhibit markedly 

enhanced staining for Beclin-1 and LC3A, 

indicating active autophagy. Specifically, the 

High Group showed an average Beclin-1 

expression of 15.95% (Table 5), significantly 

higher than the 3.86% and 3.75% observed in 

the Normal and Negative Control Groups, 

respectively. Similarly, LC3A expression in 

the High Group averaged 20.70%, compared to 

4.05% and 3.08% in the Normal and Negative 

Control Groups. Given that the High Group 

exhibited higher expression of these autophagy 

markers, it is plausible that autophagy plays a 

key factor in the development and course of 

calculous cholecystitis in individuals whose 

CA 19-9 levels are raised. This is consistent 

with other research showing that autophagy is 

activated in response to inflammation and 

cellular stress, which are probably more 

prominent in individuals with advanced illness. 

It has long been known that Beclin-1 and 

LC3A are accurate indicators of autophagic 

structures [20]. Although Ki-67 is frequently 

used as a prognostic index in a number of 

cancers, such as chordoma [21], non-muscle 

invasive bladder cancer [22], superficial non-

invasive papillary urothelial neoplasms of the 

bladder [23], prostate cancer [24], Beclin-1 is 

similarly linked to carcinogenesis in a variety 

of neoplastic contexts, including ovarian [25] 
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and gastric cancers [26], as well as breast 

phyllodes tumours [27], sarcoma, and 

neuroendocrine tumours of the gastrointestinal 

tract and pancreas [28]. Additionally, 

glioblastomas [29], keratoacanthomas [30], 

and B-cell lymphomas [31] have all been 

shown to express LC3A. According to [30,32], 

cutaneous squamous cell carcinomas exhibit 

LC3A reactivity, which is characterised by 

unique cytoplasmic, "Stone-Like" Structures 

(SLS) and cytoplasmic/perinuclear structures, 

which show up as large, amorphous, densely 

stained material within cytoplasmic vacuoles 

[26] found that LC3A exhibits a similar pattern 

in gastric cancer that is supported by prior 

research on the protein's behavior under stress 

[32]. Beclin-1 and LC3A both showed 

cytoplasmic expression in our investigation. 

Clinical Correlation 

CA 19-9 Levels, Gallbladder Thickness, and 

Inflammatory Markers: Further supporting the 

idea that increased CA 19-9 is a sign of more 

severe illness is the substantial link seen 

(Figure 1A, 2A and 2B) between CA 19-9 

levels, gallbladder wall thickness, and 

inflammatory markers. In addition to having 

noticeably thicker gallbladder walls (Figure 

2A), patients in the High Group also had 

higher WBC, neutrophil, and lymphocyte 

counts (Figure 3A, 4A and 5), which may 

indicate an elevated inflammatory response. 

This is in line with the High Group's lengthier 

operation times (Figure 6A and B), which 

suggest that these patients probably have more 

difficult and complicated surgical procedures. 

Neutrophil count (r = 0.6594, p = 0.0005), 

operation duration (r = 0.5620, p = 0.0043), 

and WBC (r = 0.5615, p = 0.0043) all showed 

positive correlations with CA 19-9 levels, 

indicating that CA 19-9 may be a valuable 

biomarker for predicting the degree of 

inflammation and the complexity of surgical 

intervention needed. These results highlight 

the significance of CA 19-9 in calculous 

cholecystitis not only as a diagnostic marker 

but also as a possible predictor of disease 

progression and surgical risk. In animal 

models, the expression of autophagy has been 

connected to long-term inflammatory diseases 

such asthma [33]. On the other hand, the 

literature on the connection between autophagy 

and chronic inflammation is scarce. This is the 

first research to examine the expression of two 

autophagy markers, Beclin-1 and LC3A, in the 

gallbladder epithelium of patients with CA 19-

9 positive calculous cholecystitis to 

gallbladder epithelium in normal CA 19-9 

calculous cholecystitis patients and gallbladder 

polyps. 

Implications of Autophagy in Disease 

Progression 

The elevated autophagy activity in the High 

Group, as indicated by increased Beclin-1 and 

LC3A expression, may have several 

implications for the pathophysiology of 

calculous cholecystitis. The role of autophagy 

in calculous cholecystitis appears to be double-

edged, while autophagy may help in managing 

cellular stress, its excessive activation, as 

observed in the High Group, could contribute 

to the persistence of inflammation and tissue 

damage, thereby exacerbating the disease. This 

is supported by the observation that patients 

with the highest autophagy marker expression 

also had the most severe clinical presentations, 

including thicker gallbladder walls and longer 

surgical times. Given that autophagic 

regulation is crucial in both carcinogenesis and 

cancer therapy, investigating the autophagy 

process in chronic inflammation, which could 
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be cancerous, is imperative [34]. It is well 

recognised that long-term inflammation leads 

to genetic and epigenetic changes that may 

raise the risk of gallbladder calculous epithelial 

tumour growth [35]. Although autophagy is 

associated with the inflammatory process, its 

precise role remains unclear [36,37]. 

 

Conclusion 

Our results show for the first time a robust 

association between Beclin-1 expression and 

LC3A in CA 19-9 positive calculous 

gallbladder epithelium. Beclin-1 and LC3A 

overexpression in this situation suggests that 

gallstones not only increase CA 19-9 levels but 

also improve autophagy in the gallbladder 

epithelium. This highlights the need of 

conducting more research on the function of 

autophagy in the gallbladder epithelium, 

especially when bile stones are present, as a 

possible prelude to cancer. 
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