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Abstract. Dysregulated autophagy and its therapeutic targeting 
have emerged as focal points in oncology research; however, 
specific studies investigating autophagy in marginal zone 
lymphoma (MZL) pathogenesis remain limited. The present 
study comprehensively characterized the expression profiles 
of key autophagy‑related proteins in MZL, providing novel 
mechanistic insights and an experimental rationale for thera‑
peutic intervention. Immunohistochemical analysis assessed 
the expression of Beclin‑1, light chain (LC)3, sequestosome 
(SQSTM)1/p62 and Bcl‑2 in formalin‑fixed paraffin‑embedded 
tissues from 16 patients with MZL compared with 16 reac‑
tive lymphoid hyperplasia (RLH) controls. MZL specimens 
exhibited significant autophagy pathway dysregulation, char‑
acterized by ~35‑40% decreased expression of Beclin‑1 and 
LC3 and 30‑45% increased expression of SQSTM1/p62 and 
Bcl‑2 compared with RLH tissues (P<0.05 for all proteins 
analyzed). The present findings delineate a distinct profile of 
autophagy dysfunction in MZL, highlighting aberrant Beclin‑1, 
LC3, SQSTM1/p62 and Bcl‑2 expression as potential disease 
biomarkers and therapeutic targets. This study provides a critical 
basis for elucidating the molecular mechanisms underlying 
MZL pathogenesis and underscores the therapeutic potential of 
modulating autophagy‑related pathways.

Introduction

MZL is an indolent B‑cell neoplasm thought to originate 
from post‑germinal center marginal zone B cells, commonly 

presenting in the spleen, lymph nodes and mucosa‑asso‑
ciated lymphoid tissues (MALT)  (1). Histologically, the 
neoplastic cells typically display a monomorphic population 
of small‑to‑medium lymphocytes with slightly irregular 
nuclei, inconspicuous nucleoli and moderate amounts of pale 
cytoplasm (2,3). The pathogenesis of MZL is closely linked 
to chronic antigenic stimulation, frequently driven by infec‑
tious agents such as Helicobacter pylori in gastric MALT 
lymphoma. Additionally, recurrent molecular aberrations, 
including somatic hypermutation of immunoglobulin genes, 
specific chromosomal abnormalities [e.g., t(11;18), trisomies 
3 and 18, and deletion 6q23], and mutations in genes such as 
Notch receptor 2 (NOTCH2), Kruppel‑like factor 2 (KLF2), 
TNF alpha‑induced protein 3 and TBL1X/Y related 1, are 
critical contributors to lymphomagenesis and disease progres‑
sion  (4,5). Current frontline therapies primarily employ 
anti‑CD20 monoclonal antibodies (e.g., rituximab), often 
combined with chemotherapy regimens (e.g., bendamustine 
or CHOP variants), which substantially improve response 
rates and survival outcomes  (6). Nevertheless, inherent 
and acquired chemoresistance and frequent disease relapse 
persist as significant clinical challenges, limiting long‑term 
curability and highlighting the need for innovative therapeutic 
approaches (7). Consequently, targeting molecular pathways 
beyond conventional chemotherapy represents a pivotal 
research direction. In this context, dysregulated autophagy, a 
conserved lysosomal degradation pathway essential for main‑
taining cellular homeostasis, and its therapeutic potential have 
emerged as significant research areas in oncology. Aberrant 
expression of key autophagy‑related proteins has been docu‑
mented across multiple malignancies, including lymphoma (8), 
ovarian (9), lung (10), breast (11) and colorectal cancers (12), 
suggesting that this pathway may represent a therapeutic 
target. MZL constitutes roughly 5‑10% of non‑Hodgkin 
lymphoma cases globally, with an annual incidence estimated 
at 2‑3 per 100,000 population (13,14). Although considered 
indolent, MZL typically follows a chronic, relapsing clinical 
course, characterized by median overall survival exceeding 
10  years but frequent recurrence following conventional 
immunochemotherapy. Relapsed or refractory disease remains 
therapeutically challenging, emphasizing the urgent need for 
novel molecular targets and more effective treatments (5,15).

Expression profiling reveals coordinated dysregulation 
of autophagy‑associated proteins in marginal zone 

lymphoma and therapeutic implications
JINGSHU RUAN1,2*,  XIN ZHOU2*,  AI LI1  and  NINGNING SHAN1

1Department of Hematology, The Second Hospital of Shandong University, Jinan, Shandong 250033, P.R. China; 2Department of 
Hematology, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan, Shandong 250021, P.R. China

Received July 10, 2025;  Accepted November 12, 2025

DOI: 10.3892/ol.2025.15421

Correspondence to: Professor Ningning Shan, Department 
of Hematology, The Second Hospital of Shandong University, 
247 Beiyuan Road, Jinan, Shandong 250033, P.R. China
E‑mail: snning@126.com

*Contributed equally

Key words: marginal zone lymphoma, autophagy, beclin‑1, LC3, 
SQSTM1/p62

https://www.spandidos-publications.com/10.3892/ol.2025.15421


RUAN et al:  AUTOPHAGY-ASSOCIATED PROTEINS IN MARGINAL ZONE LYMPHOMA2

Autophagy dysregulation has been implicated in various 
lymphoma subtypes, including diffuse large B‑cell lymphoma 
(DLBCL), mantle cell lymphoma (MCL) and follicular 
lymphoma (FL), where reduced Beclin‑1 or microtubule‑asso‑
ciated protein 1A/1B‑light chain 3 (LC3) expression and 
increased accumulation of p62 correlate with adverse prog‑
nosis and chemoresistance (16,17). These findings indicate that 
autophagy dysfunction may be a shared oncogenic mechanism 
across B‑cell malignancies. Clinically, several agents targeting 
autophagy and apoptosis pathways, such as chloroquine, 
hydroxychloroquine and the Bcl‑2 inhibitor venetoclax, have 
demonstrated encouraging efficacy in preclinical studies and 
early‑phase clinical trials (18), further highlighting the thera‑
peutic relevance of targeting this pathway. Although abnormal 
expression of primary autophagy‑associated proteins such 
as Beclin‑1, LC3 and p62 has been well‑characterized in 
lymphomas like DLBCL, MCL and FL (19‑21), their expres‑
sion patterns in MZL have not yet been extensively studied. 
To bridge this knowledge gap and evaluate the therapeutic 
implications of autophagy modulation in MZL, this research 
examined the expression levels of crucial autophagy indicators, 
including Beclin‑1, LC3, sequestosome (SQSTM)1/p62 
and Bcl‑2, in clinical tissue samples obtained from patients 
diagnosed with MZL.

Patients and methods

Study and control cohorts. The demographic and clinicopatho‑
logical data of the patients are summarized in Table I. MZL 
cohort: Formalin‑fixed, paraffin‑embedded (FFPE) tissue 
blocks were analyzed from 16 patients with newly diagnosed, 
treatment‑naïve MZL (11  males, 5  females; median age, 
64.5 years; range, 45‑78 years). All specimens were collected 
at initial diagnosis between January 2014 and December 2024 
from Shandong Provincial Hospital Affiliated to Shandong First 
Medical University (Jinan, Shandong). Diagnoses were strictly 
confirmed according to current World Health Organization 
lymphoma classification criteria  (1). Patients with previous 
radiotherapy or chemotherapy exposure were excluded. 
Subtypes included 10 nodal MZL, 4 MALT lymphomas and 2 
splenic MZL. MZL cases were retrospectively identified from 
the pathology archives, and all newly diagnosed, treatment‑naïve 
patients with adequate FFPE tissue and complete baseline data 
during the study period were included. The control cohort 
consisted of FFPE tissue blocks from 16 patients with RLH 
(12 males, 4 females; median age, 62 years; range, 50‑75 years). 
RLH cases were consecutively identified from the pathology 
archives of the same center during the same period based on 
the availability of treatment‑naïve FFPE tissue blocks, rather 
than being artificially matched to the MZL group. By including 
all eligible MZL and RLH cases from the same institution and 
time window, rather than arbitrarily selecting or artificially 
matching controls, the risk of selection bias was minimized. 
Baseline demographic and clinicopathological characteristics, 
including age, sex distribution and involved sites, did not differ 
significantly between the MZL and RLH groups.

Immunohistochemistry (IHC)
Antibodies and reagents. Anti‑Becl in‑1 antibody 
(cat. no. ab207612; Abcam) was used at a dilution of 1:100. 

Anti‑SQSTM1/p62 antibody (cat. no. ab109012; Abcam) was 
used at a dilution of 1:2,000. LC3A/LC3B polyclonal antibody 
(cat. no. ab109012; Abcam) was used at a dilution of 1:200. 
Anti‑Bcl‑2 antibody (cat. no. ab2137583; Abcam) was used at a 
dilution of 1:500. HRP‑conjugated goat anti‑rabbit IgG (H+L) 
secondary antibody (cat. no. ab205718; Abcam) was applied at 
a dilution of 1:1,000. A diaminobenzidine (DAB) chromogen 
kit (cat. no. DA1010; Beijing Solarbio Science & Technology 
Co., Ltd.), 5% bovine serum albumin (BSA; Wuhan Boster 
Biological Technology, Ltd.) and 3% H2O2 (Wuhan Boster 
Biological Technology, Ltd.) were also utilized.

Experimental procedures. Tissue sections were first baked, 
deparaffinized, rehydrated and washed with PBS. Antigen 
retrieval was then performed via high‑pressure treatment 
using EDTA buffer, after which slides were cooled to ambient 
temperature. Blocking of endogenous peroxidase activity was 
achieved by treating sections with 3% H2O2, and non‑specific 
antigen‑antibody interactions were minimized by incubating 
slides in BSA. Primary antibodies were applied overnight at 
4˚C, and subsequently, slides underwent washing in PBS before 
incubation at 37˚C for 40 min with secondary antibodies conju‑
gated to HRP. Following PBS washes, staining was visualized 
using DAB chromogen, counterstained with hematoxylin, 
differentiated and blued. Finally, slides were mounted with 
coverslips and neutral gum prior to imaging.

Quantitative analysis. Pathological assessments were 
independently performed by two blinded, experienced 
pathologists using optical microscopy (magnification, x400). 
For each specimen, five non‑overlapping, randomly selected 
high‑power fields were used for semiquantitative analysis. 
Protein expression levels were quantified using ImageJ soft‑
ware (1.54p; National Institutes of Health) to calculate the 
average optical density (AOD): AOD=Σ integrated optical 
density/Σ positive pixel area.

Statistical analysis. All statistical analyses were carried out 
using GraphPad Prism version 9.0 (Dotmatics). Expression 
differences of autophagy‑related proteins between groups were 
assessed by applying unpaired two‑tailed Student's t‑tests. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Suppressed Beclin‑1 expression in MZL tissues. Beclin‑1 
exhibited cytoplasmic granular (yellowish‑brown) staining 
in both RLH and MZL tissues by IHC analysis. Quantitative 
evaluation demonstrated a significant reduction in Beclin‑1 
expression in MZL tissues (AOD=0.43±0.19) compared to 
RLH controls (AOD=0.50±0.21; P=0.0139) (Fig. 1).

Impaired autophagic f lux in MZL via reduced LC3 
expression. LC3 displayed characteristic cytoplasmic granular 
staining in all specimens (Fig. 2). Compared to RLH controls 
(AOD=0.32±0.09), MZL tissues showed significantly reduced 
LC3 expression (AOD=0.22±0.09; P<0.0001), indicating 
defective autophagosome formation.

Accumulation of p62 indicates autophagic dysfunction in 
MZL. Consistent with impaired autophagic flux, p62 expression 
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was significantly elevated in MZL tissues (AOD=0.37±0.13) 
compared with RLH controls (AOD=0.28±0.23; P=0.0017) 
(Fig. 3). Cytoplasmic granular accumulation (yellowish‑brown 
staining) of this selective autophagy receptor was confirmed 
by IHC, suggesting defective substrate clearance as a potential 
mechanism underlying MZL pathology.

Elevated anti‑apoptotic Bcl‑2 expression in MZL. IHC 
demonstrated cytoplasmic Bcl‑2 accumulation (granular 
yellowish‑brown staining) in all tissues. MZL tissues 
displayed significantly increased expression (AOD=0.28±0.09) 
compared to RLH controls (AOD=0.19±0.15; P<0.0001) 
(Fig. 4), indicating enhanced survival signaling typical of 
lymphomagenesis. This molecular alteration represents a 
potential therapeutic target.

Discussion

Autophagy is a key catabolic process that maintains balance 
in cells via the lysosomal breakdown of damaged organelles 
and protein aggregates, as well as redundant components in 
the body (22). Autophagy is a dynamic process that occurs in 
five sequential steps (22-24), which can result in dysfunctions 
in various key steps. At the initiation of autophagy, signaling 
pathways that involve mTOR complex 1 (mTORC1) lead to 
the inhibition of unc‑51 like autophagy activating kinase 1/2 
complexes that inhibit the initiation of autophagy  (25). At 
the vesicle nucleation step, Bcl‑2:Beclin‑1 complexes inhibit 
autophagosome formation via the inhibition of Beclin‑1/VPS34 
retromer complex component complexes (26‑28). Furthermore, 
in pathologic scenarios, there is a possibility of defective 
autophagy, leading to a reduction in the usual physiological 
roles of autophagy, which in turn contributes to cancer devel‑
opment. Dysautophagy in cancer allows cancer cells to adapt 
in a host that is under various pathologic stresses, including 
hypoxia as well as starvation (29,30). 

Autophagy's role remains particular in the context of 
tumorigenesis, having a dual role that seems contradictory in 
nature (31‑34). Autophagy is a tumor suppressor mechanism 

that eliminates dysfunctional organelles, misfolded proteins, 
as well as reactive oxygen species, thereby maintaining 
genomic stability and preventing tumorigenesis. However, 
in already present malignancies, dysfunctional/mutated 
autophagy pathways are known to promote tumor survival 
during metabolic, as well as hypoxic stresses, thereby leading 
to increased tumor progression as well as resistance (35,36). 
These data observed in MZL cases in the current study, 
showing dysfunctional Beclin‑1 and reduced LC3 expression 
levels, as well as increased p62 accumulation, are possibly 
suggestive of a transition from a protective to a dysfunctional 
form of autophagy, leading to survival in the tumor microenvi‑
ronment (37). Furthermore, certain known mutations in MZL 
will possibly interact with the autophagy pathways. NOTCH2 
mutations leading to increased B‑cell survival as well as 
B‑cell activation possibly lead to a reduction in autophagy as 
a result of increased mTOR, as well as NF‑κB pathways in 
those downstream pathways. Furthermore, mutations in KLF2 
leading to a reduction in KLF2 activity possibly result in 
increased NF‑κB pathways in a possibly perpetually increased 
phase of activity, leading to alterations in metabolism of cells, 
as well as functioning as known modifiers of the process 
of autophagy  (38,39). Therefore, dysfunctional autophagy 
observed in MZL is possibly a result of a multitude of these 
mutations affecting the pathways.

As increasing studies have focused on MZL, the intri‑
cate relationship between autophagy and MZL pathogenesis 
has slowly been revealed. Autophagy plays a role in MZL 
development and progression through various pathways, 
such as B‑cell receptor signaling modulation, tumor micro‑
environment modulation, increased drug resistance, as well 
as crosstalk between tumor suppressor pathways  (40,41). 
Goldsmith et al (42) revealed that autophagy supports metabolic 
rerouting in RAS‑mutant cancer cells. Poillet‑Perez et al (43) 
also found that autophagy suppresses T‑cell immunity func‑
tions by attenuating stimulator of interferon response cGAMP 
interactor 1 pathway activity, whereas hepatocyte‑specific 
autophagy deficiency moderately increased T‑cell immu‑
nity against tumors. Furthermore, in 2024, Choi et al  (44) 
found that myeloid‑specific deficiency of autophagy reduced 
tumor‑associated macrophages, increasing the accumulation 
of myeloid‑derived suppressor cells. However, the mechanism 
of disrupted autophagy in MZL pathogenesis remains to be 
fully elucidated. 

Beclin‑1 inhibits tumor initiation under physiological 
circumstances. Conversely, in a tumor microenvironment, 
Beclin‑1 expression is reduced. This leads to a failure in 
the formation of autophagosomes, thereby increasing the 
susceptibility of cells to transformation and tumorigenesis. 
Jiang et al (10) confirmed that Beclin‑1 expression is signifi‑
cantly reduced in non‑small cell lung cancer tissues compared 
with normal lung tissues. Pattingre and Levine (45) observed 
that Beclin‑1 haplo deletion resulted in reduced autophagy 
in B lymphocytes. This further increased the susceptibility 
of mice to spontaneous B‑cell lymphoma. It was revealed 
that B‑cell lymphomas often display high Bcl‑2 expres‑
sion. This not only prevents apoptosis but also has a role in 
increasing B‑cell lymphoma by functioning as a negative 
regulator of Beclin‑1 expression‑initiated autophagy  (46). 
Furthermore, in the present analysis, it was discovered that 

Table I. Demographic and clinicopathological characteristics 
of the study cohort.

Characteristic	 MZL (n=16)	 RLH (n=16)

Sex		
  Male	 11	 12
  Female	 5	 4
Median age, years (range)	 64.5 (45‑78)	 62 (50‑75)
Pathological diagnosis		
  MALT	 4	 ‑
  NMZL	 10	 ‑
  SMZL	 2	 ‑

MZL, marginal zone lymphoma; RLH, reactive lymphoid hyper‑
plasia; MALT, mucosa‑associated lymphoid tissue lymphoma; 
NMZL, nodal marginal zone lymphoma; SMZL, splenic marginal 
zone lymphoma.

https://www.spandidos-publications.com/10.3892/ol.2025.15421
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Beclin‑1 was downregulated, whereas Bcl‑2 was upregulated 
in MZL patients' tissue, suggesting that there is a problem 
in the formation of vesicles in MZL‑related autophagy. In 
addition, it may be speculated that the abnormal expression 
of Beclin‑1 and Bcl‑2, regulated by the tumor microenviron‑
ment, leads to phagophores in MZL, making it impossible 
to remove metabolic waste in the form of autophagosomes, 
paving a way towards the transformation of cancerous cells 
in MZL. However, the current results indicated that this 
autophagy‑related, Bcl‑2‑targeted hypothesis needs further 
clarification due to insufficient data supporting the use of 
Bcl‑2 inhibitors in MZL. Nevertheless, some small molecules 
of Bcl‑2 inhibitor drugs like ABT‑199 (47) and ABT‑263 (48) 
are already in the clinical trials phase. Furthermore, the 
present results demonstrate that Bcl‑2 inhibitors have prom‑
ising potential utility in patients MZL as a treatment drug. 
Future mechanistic and preclinical studies are warranted to 

determine whether modulating phagophore formation via 
Bcl‑2 inhibition can influence MZL progression.

Dysregulation of autophagy is often found in the elon‑
gation process of the vesicle, in which LC3 is a crucial 
component. In this process, LC3 is targeted to the autopha‑
gosomal membrane, where it monitors autophagy activity, 
as well as targeting the components of the core autophagy 
process to the phagophore membrane. It has been irrefut‑
ably shown that lack of LC3 leads to a marked reduction in 
the efficiency of autophagosome formation and fusion with 
lysosomes (49‑51). In addition, the process of bringing key 
components of autophagy to the phagophore membrane 
is regulated by LC3 in a p62/SQSTM1‑mediated way. p62 
binds to ubiquitinated target proteins, directing them towards 
the autophagosomal membrane via a specific interaction 
with LC3. Importantly, this is possible as p62 itself is a 
target of autophagy. As such, p62 accumulation is expected 

Figure 2. LC3 expression is significantly decreased in MZL tissues. (A) Representative immunohistochemical images showing LC3 staining in RLH and MZL 
samples (left panel: Magnification, x20; overview. Right panel: Magnification, x40; detailed view). (B) Statistical analysis demonstrating significant differ‑
ences in LC3 expression between MZL and RLH groups (unpaired t‑test, ****P<0.0001). LC3, light chain 3; MZL, marginal zone lymphoma; RLH, reactive 
lymphocyte hyperplasia; AOD, average optical density.

Figure 1. Beclin‑1 protein expression in MZL and RLH tissues. (A) Representative immunohistochemical staining for Beclin‑1 in MZL and RLH samples. 
(B) Statistical comparison of Beclin‑1 expression between MZL and RLH tissues (analyzed by unpaired t‑test. *P<0.05). MZL, marginal zone lymphoma; 
RLH, reactive lymphocyte hyperplasia; AOD, average optical density.
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in most cases of dysfunctional autophagy activity (52,53). 
This results in the activation of mTOR and NF‑κB pathways 
that initiate tumorigenic processes. This suggested that in 
autophagy‑deficient animal models, p62 overexpression is 
observed, increasing oxidative stress in conjunction with 
increased tumorigenic activity (54,55). This is also observed 
in the present analysis: LC3 is downregulated, while p62 is 
increased in MZL tumor tissues. Together, these alterations 
support the present hypothesis that excessive p62 accu‑
mulation, combined with LC3 repression, reflects a block 
in phagophore/autophagosome formation and membrane 
growth, thereby contributing to tumor‑promoting autophagy 
dysfunction in MZL. Future studies will involve transgenic 
strategies that aim to increase LC3 expression in conjunction 
with p62 inhibition strategies via small molecule drugs that 
inhibit p62 accumulation to provoke a positive response in 
MZL by overcoming phagophore membrane maturation.

The present findings provide compelling evidence that 
MZL exhibits coordinated dysregulation of core autophagy 
machinery. Significant downregulation of Beclin‑1 (P<0.05) 
and LC3 (P<0.0001), key regulators of autophagosome 
initiation and maturation, alongside elevated expression of the 
autophagy receptor p62 (P<0.001) and anti‑apoptotic Bcl‑2 
(P<0.0001), highlights impaired autophagic flux as a poten‑
tial hallmark of MZL pathobiology. Differential expression 
of LC3, p62, Bcl‑2 and Beclin‑1 between MZL tissues and 
RLH tissues could help in the precise identification of MZL. 
Future studies could aim at the development of a multiplexed 
IHC antibody kit that will help in the precise identification 
of MZL, as there is a lack of a specific biomarker in the field 
that will prompt the clinician to initiate appropriate treatment 
strategies. Besides Bcl‑2 inhibition, other strategies targeting 
the phenomenon of autophagy in hematologic malignancies 
are under investigation (56,57). These include mTOR pathway 

Figure 3. Elevated expression of p62 in MZL tissues compared to RLH controls. (A) Representative images of p62 immunohistochemical staining in MZL and 
RLH samples. (B) Statistical comparison of p62 expression between MZL and RLH groups (unpaired t‑test, **P<0.01). MZL, marginal zone lymphoma; RLH, 
reactive lymphocyte hyperplasia; AOD, average optical density.

Figure 4. Bcl‑2 expression is significantly increased in MZL tissues. (A) Representative IHC staining of Bcl‑2 in MZL and RLH samples (left panel: 
Magnification, x20; overview. Right panel: Magnification, x40; detailed view). (B) Statistical comparison of Bcl‑2 expression between MZL and RLH groups 
(unpaired t‑test, ****P<0.0001). MZL, marginal zone lymphoma; RLH, reactive lymphocyte hyperplasia; AOD, average optical density.

https://www.spandidos-publications.com/10.3892/ol.2025.15421
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inhibitors (everolimus, rapamycin), which inhibit the initiation 
of autophagy through mTORC1 pathway modulation, and 
agents that target autophagy, such as chloroquine and hydroxy‑
chloroquine, which inhibit the fusion of the autophagosome 
with the lysosome. Exploring these agents, individually or 
in rational combinations, may provide further therapeutic 
avenues for MZL.

The present study also has several limitations. Firstly, 
the sample size is small, even if considering the subtypes of 
MZL: Nodal, MALT and spleen involvement. Due to this 
small sample size, certain parameters could not be studied in 
a subtype analysis. Secondly, this analysis was mostly done by 
IHC. IHC is appropriate to characterize protein localization in 
clinical specimens, which, however, lack any molecular confir‑
mation. It is proposed that analysis involving western blotting 
analysis or certain genetic studies in a large series of speci‑
mens could provide new perspectives. Lastly, survival data are 
not available in this analysis. This makes certain parameters, 
including survival outcomes, impossible to analyze in this 
particular experiment. Furthermore, since certain studies 
involve alterations in a particular group of genes, as also 
observed in this experiment, in a variety of lymphomas as well 
as certain solid cancers, this pattern of alterations is more of a 
supporting factor than a confirmatory one.

In conclusion, the present analysis identified a distinct 
molecular signature of autophagic dysfunction across 
MZL subtypes, characterized by significant suppression 
of Beclin‑1 (P<0.05) and LC3‑II (P<0.0001) expression, 
coupled with pathological accumulation of p62 (P<0.001) 
and Bcl‑2 (P<0.0001). Collectively, these results provide 
preliminary evidence that coordinated dysregulation of key 
autophagy‑associated proteins, specifically reduced Beclin‑1 
and LC3 expression and increased accumulation of p62 and 
Bcl‑2, may represent a distinct molecular hallmark of MZL 
pathobiology. Although these findings offer valuable insights 
into the potential role of autophagy in MZL, they should be 
interpreted as hypothesis‑generating rather than definitive. 
Validation through larger, independent cohorts and comple‑
mentary functional studies will be necessary to confirm these 
observations and explore their therapeutic implications.
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