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Abstract: Diffuse large B cell lymphoma (DLBCL), the most frequent type of non-Hodgkin lym-

phoma in adulthood, remains challenging clinical issues. Despite enhanced remission rates can be 

achieved, there are one-third of patients who will not respond to current treatment or will relapse 

with resistant disease, necessitating ongoing efforts on effective treatment strategies and agents. The 

vacuole H+-ATPase inhibitor bafilomycin A1 is broadly used to block late stage of autophagy flux 

at high concentration. In this study, we show that, to our surprise, bafilomycin A1 effectively inhib-

ited and killed DLBCL cells at nanomolar concentrations (5nM). Bafilomycin A1 targeted cell cycle 

regulators cyclin D1 and cyclin E2 to induce cell cycle arrest in G0/G1 phase. Meanwhile, it induced 

caspase-dependent apoptosis with concomitant cleaved caspase-3 and Parp. Furthermore, we found 

that bafilomycin A1 inhibited autophagy flux at both early and late stages of the autophagy flux 

through activating ERK and mammalian target of rapamycin signaling, as well as by inhibiting the 

degradation of autolysosomes. We speculated that bafilomycin A1 as autophagy inhibitor might 

enhance the effect of DLBCL chemotherapeutic drug rituximab. Accordingly, our results provided 

evidence that the combination of bafilomycin A1 with rituximab enhanced the inhibition of DLBCL 

cells notably. Taken together, our data suggest that bafilomycin A1 may be a promising candidate 

drug in the therapy of diffuse large B cell lymphoma.  
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1. Introduction 

Diffuse large B cell lymphoma (DLBCL) is the most prevalent type of aggressive non-

Hodgkin lymphoma (NHL) in adulthood worldwide [1], which can arise de novo or from 

clinical evolution of indolent B cell lymphomas, such as follicular lymphoma (FL) and 

chronic lymphocytic leukemia (CLL) [2]. DLBCL represents a heterogeneous set of dis-

eases with differed outcomes that are characterized by clinical features, cell of origin 

(COO), molecular features, and frequently recurring mutations [3]. A giant advancement 

was progressed by application of gene expression profiling (GEP) which provided a basis 

for subdividing cases into group [4]. The prevalent dividing system classifies DLBCL cases 

judging by cell-of-origin into germinal center B-cell like (GCB) and activated B-cell like 

(ABC) subtypes [5], with 10-15% of cases remaining unclassifiable. Patients with GCB sub-

type have a better prognosis than patients with non-GCB subtype (ABC and unclassifia-

ble) [6]. The current 5-year overall survival rate is 60%-70% using frontline therapy R-

CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) [7-8]. 

Although durable remissions can be achieved in the major proportion of cases (>50%) by 

up-front chemoimmunotherapy (CI), still there are one-third of patients who will not 
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respond to standard regimens or will relapse with resistant disease [9-11]. Thus, effective 

and novel treatment strategies and agents are urgently needed to improve the therapeutic 

outcome of DLBCL.  

Bafilomycin A1, a macrolide antibiotic which derived from Streptomyces griseus, is an 

inhibitor of vacuolar H+ ATPase (V-ATPase) [12-13]. Bafilomycin A1 targets the V0 sector 

subunit of V-ATPase complex and inhibit rotation and passage of protons into the lysoso-

mal lumen, inhibiting H+ translocation, therefore reducing acidification of vesicles such as 

endosomes, lysosomes and phagosomes [14]. Bafilomycin A1 has been used as inhibitor 

of late stage of autophagy frequently, blocking fusion between autophagosomes and ly-

sosomes [15]. Besides the above effect, bafilomycin A1 was found to inhibit the growth of 

variable cancer cells under hypoxic conditions by expressing hypoxia-inducible factor-

1alpha (HIF-1α) [16-17]. Moreover, recent study has demonstrated that bafilomycin A1 

targets both autophagy and apoptosis pathways in pediatric B-cell acute lymphoblastic 

leukemia [18]. In addition, one investigation suggests that bafilomycin A1 induces 

caspase-independent cell death in hepatocellular carcinoma cells via targeting of autoph-

agy and MAPK pathways [19]. However, usually bafilomycin A1 is used at high concen-

trations (0.1-1μM) and are associated with adverse effects due to acidosis and hypoxia 

which also occur in normal cells in physiological conditions [20-22], therefore bafilomycin 

A1 is hindered its application and clinical trials. 

Autophagy, (hereafter referred to as autophagy), is a conservative cellular catabolic 

pathway which maintains homeostasis and sustain metabolic stress by the turnover of 

proteins and organelles and degradation of lysosomes [23-25]. Cytoplasmic contents such 

as damaged, misfolded proteins and damaged organelles are sequestered into double-

membrane vesicles which is called autophagosomes and degraded by the fusion of au-

tophagosomes with lysosomes when single-membrane autolysosomes is created [26-30]. 

In a wide range of cancer cells, autophagy is observed while its function differs under 

variable cancer subtype and cellular context [31-33]. Similarly, in hematological malignan-

cies, autophagy can be a double-edged sword, either acting as a chemo-resistant role or 

tumor suppressive role, which depends on the cellular context [18]. Among blood cancers, 

autophagy may act as cytoprotective roles and remove stimuli from standard treatments 

then result in chemotherapy resistance. In colorectal cancer, one study suggests that the 

combination of Apatinib with autophagy inhibitor chloroquine (CQ) tends to have the 

most significant anti-tumor effect both in vitro and in vivo [34]. As well as in pancreatic 

cancer, one investigation shows that autophagy inhibitor chloroquine synergistically en-

hanced the ability of ERK inhibitors to mediate the antitumor activity in KRAS-driven 

PDAC [35]. In sum, the combination of autophagy inhibitors with specific signaling path-

way inhibitors or standard chemotherapy drugs may an effective strategy for cancer.  

In this study, we hypothesized that autophagy inhibitor bafilomycin A1 may exert a 

tumor suppression function in DLBCL. Here, we present data demonstrating that bafilo-

mycin A1 effectively inhibits and kills DLBCL cell at a low concentration. Further experi-

ments revealed that bafilomycin A1 functions as a tumor suppressor by attenuating cyto-

protective autophagy via multiple targets and inducing caspase-dependent apoptosis. We 

then exploited that DLBCL chemotherapy rituximab synergistically enhanced bafilomy-

cin A1-mediated inhibition of DLBCL cells growth. Our finding have validated that bafilo-

mycin A1 may be a potential therapeutic drug for the treatment of DLBCL. 

 

2. Materials and Methods 

2.1 Cell culture 

 

DLBCL cell lines OCI-ly10, OCI-ly19, SUDHL-2, SUDHL-4, Pfeiffer and Toledo were 

obtained from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, 

China). The DLBCL cell lines were maintained in IMDM with 10% fetal bovine serum 

(FBS)(Gibco). Cells were cultured in a 5% CO2 humidified incubator at 37°C.  
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2.2 Cell proliferation 

 

The cytotoxicity of bafilomycin A1 on DLBCL cells was estimated by Cell Counting 

Kit-8 (CCK-8 assay). As previously described, cells (1 x 104/well) were plated into 96-well 

plates in triplicates while cultured in 100 μL IMDM containing 10% FBS before the start 

of treatment. Then cells were treated with bafilomycin A1 at 0.5, 1, 5, 10, 20nM for 24h. 

Then cells were treated with bafilomycin A1 at 5nM for 24, 48, 72, 96 h. 10μL CCK-8 solu-

tions was added to each plate and cells were incubated for 3 h at 37°C. Cell viability was 

measured at 450nM on SynergyMx M5.  

 
2.3 Cell cycle  

 

Cells were treated with control or bafilomycin A1 for 24 h and then collected and 

fixed in cold absolute ethanol overnight at 4°C. Cells were treated with PBS (contain 

100μg/mL RNase A, 50μg/mL PI) and then incubated for 15min at room temperature in 

the darkness. Samples were analyzed by flow cytometry.  

 
2.4 Immunoblotting 

  

Cells were harvested and subjected to lysis in 1xSDS loading buffer and then resolved 

by SDS-polyacrylamide gel electrophoresis (PAGE), transferred to PVDF membranes and 

blocked in Bovine Serum Albumin (BSA) in Tris Buffered Saline (TBS) with 0.1% Tween-

20. PVDF membranes were incubated with primary antibodies at 4°C overnight. The sec-

ondary antibodies were used at a concentration of 1:10000. The proteins were visualized 

by Odyssey CLx. (LI-COR America). 

 
2.5 Apoptosis assay 

  

Cells were treated with control or bafilomycin A1 for 24 h and then collected and 

stained with fluorescein isothiocyanate (FITC)-conjugated annexin V and propidium io-

dide (PI), then incubated for 15 min at room temperature. Samples were analyzed by flow 

cytometry to detect apoptosis.  

 
2.6 Autophagic flux assay and confocal microscopy  
 

Adenovirus-mCherry-GFP-LC3B was obtained from Beyotime (C3011) and the ad-

mCherry-GFP-LC3B was infected into DLBCL cell lines. DLBCL cell lines were subjected 

to EBSS, bafilomycin A1. After 24 h, the fluorescence images were captured by confocal 

high-resolution microscope (OLYMPUS IX83-FV3000-OSR) and the autophagosomes (yel-

low dots) and autolysosomes (only red dots) were counted.  

 
2.7 Transmission electron microscopy 
 

DLBCL cells were fixed in 2.5% glutaraldehyde at 4°C overnight then embedded in 

embedding medium. Thin sections were examined by transmission electron microscope 

(Tecnai G2 F20 S-TWIN FEI). Autophagosomes were defined as double-membrane vacu-

oles measuring 0.1 or 1.0μm.  

 
2.8 Statistical analysis 

 

Data are expressed as the mean ± standard deviation of at least three independent 

experiments. Two-sided t-test was used to compare the differences between groups. P 

value <0.05 were considered statistically significant. Graph Pad Prism 6.01 software was 

carried out for all statistical analysis. (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001) 
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3. Results 

3.1. Bafilomycin A1 inhibits the growth of DLBCL cells. 

Bafilomycin A1, a specific inhibitor of vacuolar-type H+ ATPase (V-ATPase), is often 

used to inhibit autophagy flux at concentration between 0.1 and 1uM. While studying how 

autophagy works in DLBCL, we observed an unexpected sensitivity of DLBCL cells to 

bafilomycin A1, which lead us to investigate the effect of bafilomycin A1 on DLBCL cell 

lines. DLBCL cell lines including OCI-ly10, OCI-ly19 were cultured in the presence of in-

creasing concentrations of bafilomycin A1(0.5 nM, 1 nM, 5 nM, 10 nM, 20 nM). Cell via-

bility was measured by CCK8. The results showed that different concentrations of bafilo-

mycin A1 inhibits the growth of OCI-ly10 and OCI-ly19 cell in different degrees. The min-

imum concentration of bafilomycin A1 which works on both cell types is 5 nM. As such, 

bafilomycin A1 at 5 nM was used in subsequent experiments. (Figure 1A) DLBCL cell lines 

OCI-ly10, OCI-ly19, SUDHL-2, SUDHL-4, Toledo and Pfeiffer were treated with 5 nM 

bafilomycin A1 for 24-96h. CCK8 assays were carried out to determine the growth kinetics 

of the cell lines. As shown in Figure 1B, all cell lines were significantly inhibited with the 

treatment of 5 nM bafilomycin A1 for 96 h, OCI-ly10, OCI-ly19, SUDHL-2, SUDHL-4 were 

inhibited by 5 nM bafilomycin A1 significantly since 24 h (Figure 1B). To dissect the mech-

anism of bafilomycin A1 suppressing DLBCL cell growth, we performed flow cytometric 

analysis of propidium iodide (PI)-stained samples of DLBCL cell lines cultured for 24 h in 

the existence of 5 nM bafilomycin A1. Bafilomycin A1 increased the percentage of 

SUDHL-2 cells in the G0/G1 phase of the cell cycle, with a synchronous decrease in S and 

G2/M phases of cells, revealing a G0/G1 phase arrest (Figure 1C). To further expound how 

bafilomycin A1 reins in cell cycle progression, we examined the protein levels of key reg-

ulators of cell cycle in OCI-ly10, SUDHL-2, SUDHL-4, Pfeiffer cells. Exposed to bafilomy-

cin A1 induced a reduction in G1 phase regulator Cyclin D1, while Cyclin E2 increased 

after the treatment of bafilomycin A1 (Figure 1D). The above data suggest that bafilomy-

cin A1 may induce G0/G1 cell cycle arrest by down-regulating positive regulators of the 

cell cycle. 
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Figure 1. Bafilomycin A1 inhibits the growth of DLBCL cells. (A) Effect of bafilomycin A1 

on the growth of DLBCL cell lines measured by CCK8 assay. DLBCL cell lines were cul-

tured for 24 h with increasing levels of bafilomycin A1. 5 nM Bafilomycin A1 can inhibit 

the growth of DLBCL cell lines significantly at 24 h. (B) Effect of bafilomycin A1 on the 

growth of DLBCL cell lines measured by CCK8 assay. Bafilomycin A1 (5nM) inhibits the 

growth of DLBCL cells over 96 h. (C) Effect of bafilomycin A1 on the cell cycle of DLBCL 

cells. The DLBCL cells were treated with bafilomycin A1, the cell cycle was analyzed by 

flow cytometry after PI staining. Bafilomycin A1 increased the percentage of cells in the 

G0/G1 phase and decreased the percentage of cells in the S and G2/M phases of the cell 

cycle. The representative histogram data and the percentage of cells in each stage of the 

cell cycle after 24 h of treatment are shown. (D) Effect of bafilomycin A1 on cell cycle reg-

ulators evaluated by western blotting analysis and qPCR. The numbers below the blots 

indicate relative intensity of Cyclin E2, Cyclin D1 relative to GAPDH. The decreased ex-

pression of Cyclin D1 inhibits the transition from G0/G1 to S in cell cycle. ***P<0.001, 

**P<0.01. 

3.2. Bafilomycin A1 triggers caspase-dependent apoptosis of DLBCL cells. 

To determine whether bafilomycin A1 inducing DLBCL cells inhibition resulted from 

cell death, bafilomycin A1-treated SUDHL-2 and SUDHL-4 cells were analyzed by flow 

cytometry with PI-conjugated Annexin-V double staining. As illustrated in Figure 2A, 

bafilomycin A1 increased the percentage of both early and late apoptotic cells in both 

SUDHL-2 and SUDHL-4 cell lines, suggesting bafilomycin A1-mediated induction of 
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apoptotic cell death (Figure 2A). Meanwhile, two classical apoptosis markers, caspase-3 

activation and Poly (ADP-ribose) polymerase (PARP) cleavage, were observed in bafilo-

mycin A1-treated SUDHL-2 cells for 72 h. Cleaved caspase-3 occurred, with concomitant 

occurrence of cleaved PARP for 72 h (Figure 2B).  

 

Figure 2. Bafilomycin A1 triggers caspase-dependent apoptosis of DLBCL cells. (A) Bafilo-

mycin A1 induces apoptosis of DLBCL cell lines. DLBCL cells were cultured with or with-

out bafilomycin A1 5nM for 24 h then were analyzed by flow cytometry after annexin V-

FITC/PI staining. Left, a representative flow cytometric plot for annexin V-FITC/PI-

stained DLBCL cells. Right, quantification of apoptotic cells of SUDHL-2, SUDHL-4 cells. 

(B) Western blot analysis of caspase-3 and Parp cleavage in DLBCL cell lines. The cells 

were treated with 5nM bafilomycin A1 for a specific period of time. ***P<0.001, **P<0.01. 

3.3. Bafilomycin A1 inhibits autophagy flux effectively of DLBCL cells at low concentration. 

Bafilomycin A1 is usually used as autophagy inhibitor at concentration between 0.1 

and 1 uM, blocking autophagosome-lysosome fusion during the late stage of autophagy. 

We detected whether bafilomycin A1 at low concentration may still target at autophagy. 

OCI-ly10, SUDHL-2, SUDHL-4 and Pfeiffer were cultured in the presence of 5 nM bafilo-

mycin A1 for 24 h, western blotting was performed to examine changes of autophagy 

marker proteins such as LC3 and P62. Degradation of p62 is generally used as an autoph-

agy flux marker. As shown in Figure 3A, western blotting revealed that conversion of 

LC3-II from LC3-I increased upon bafilomycin A1 treatment, while P62 accumulated after 

24 h (Figure 3A). Exposure of SUDHL-2 cells to bafilomycin A1 over 72 h induced robust 

LC3 conversion (i.e. cytosolic LC3-I to autophagosome-bound lipidated LC3-II (Figure 

3B), suggesting bafilomycin A1 blocks basal autophagic flux in DLBCL cell lines. To con-

firm that bafilomycin A1 blocks basal autophagic flux, Ad-mCherry-GFP-LC3 was per-

formed on SUDHL-2 cells. Ad-mCherry-GFP-LC3 is based on the finding that GFP, but 

not mCherry is quenched upon autophagic delivery of this protein to the acidic environ-

ment of lysosome. In this case, autophagosomes display both green and red fluorescence, 

while autolysosomes appear only red. Numbers of red-only (acidic) and red plus green 

(yellow, non-acidic) autophagic vesicles were assessed in SUDHL-2 cells infected with ad-

mCherry-GFP-LC3 subjected to bafilomycin A1 treatment. Bafilomycin A1 (5 nM) treat-

ments induced a significant increase in the number of yellow puncta in SUDHL-2 com-

pared with control group (Figure 3C). As anticipated, cultured with EBSS (Earle’s 
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Balanced Salts), a known solution as starvation treatment to induce autophagy, signifi-

cantly increased the number of red autolysosomes in SUDHL-2 cells (Figure 3C). To-

gether, these results indicate that bafilomycin A1, at low concentrations, block autophagy 

flux in late stage. Here are two possibilities, one is that bafilomycin A1 blocks autophago-

some-lysosome fusion in SUDHL-2 cells; another is that bafilomycin A1 inhibits lysosome 

acidification, autophagosome and lysosome can still fuse but acidic environment inside 

lysosome impaired, the content of autolysosome will not be degraded. To dig deep in the 

mechanism of how bafilomycin A1 blocks autophagy flux in DLBCL cell lines, transmis-

sion electron microscopy (TEM) was performed to analyze the formation of double-mem-

brane vesicles (autophagosomes) in bafilomycin A1-treated SUDHL-2 and SUDHL-4 cells. 

As shown in Figure 3D, autophagosomes in SUDHL-4 cells are most degradative au-

tophagic vacuoles with double-membrane structures, the electronic cloud density inside 

vacuoles contents differs significantly from surroundings. The contents inside vacuoles 

increased after the treatment of bafilomycin A1 compared to control group (Figure 3D). 

As revealed in Figure 3E, autophagosomes in SUDHL-2 cells (control group) were mainly 

initial autophagic vacuoles holding transparent cleft, while vacuoles containing increased 

content such as lysosomes, multi-crests mitochondrial showed up in bafilomycin A1-

treated SUDHL-2 cells (Figure 3E). Taken together, bafilomycin A1 did not inhibit autoph-

agosome-lysosome fusion but inhibit the acidification of lysosome to maintain pH inside 

lysosome high, misfolded proteins and impaired cellular organelles were not degraded. 

So was GFP fluorescence. 
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Figure 3. Bafilomycin A1 inhibits autophagy flux effectively of DLBCL cells at low con-

centration. (A) Western blot analysis of LC3, LC3Ⅱ, P62 levels in DLBCL cell lines. These 

cells were treated with 5nM bafilomycin A1 for 24 h. (B) Western blot analysis of LC3, LC3

Ⅱ levels in DLBCL cells. The cells were treated with 5nM bafilomycin A1 for a specific 

period of time. (C) Confocal microscopic analysis of autophagy flux with ad-mCherry-

GFP-LC3 fusion protein. Cells were infected with adenovirus for 48 h then treated with or 

without 5nM bafilomycin A1 for 24 h. The yellow puncta indicates autophagosome, the 

red/orange puncta indicates autolysosome. The increasing yellow puncta after treatment 

with bafilomycin A1 indicates that autophagy flux is blocked. The numbers of cells with 

red puncta, yellow puncta and green puncta are shown. ****p<0.0001 versus ctrl (red 

puncta). (D) TEM images of autophagic vacuoles in SUDHL-4 cells. Cells were treated 

with bafilomycin A1 for 24 h then applied to TEM. Arrows indicate formed autophago-

some or autolysosomes. The increasing autophagosome indicates that autophagy flux is 

blocked. (E) TEM images of autophagic vacuoles in SUDHL-2. Cells were treated with 

bafilomycin A1 for 24 h then applied to TEM. Arrows indicate formed autophagosome or 

autolysosomes. The increasing autophagosome indicates that autophagy flux is blocked. 

3.4 Bafilomycin A1 at low concentration effectively inhibits autophagy of DLBCL cell lines via 

multiple targets. 

We next examine the role of bafilomycin A1 in inhibiting autophagy flux in DLBCL 

cell lines. We already confirmed that bafilomycin A1 inhibits autolysosome degradation, 

given that mTOR/Erk signaling pathway involves in autophagy initiation, we detected 

key proteins involved in these pathways in bafilomycin A1-treated SUDHL-2 cells. Unex-

pectedly, we observed that bafilomycin A1 treatment up-regulated the phosphorylation 

levels of mTOR and Erk in a time-dependent manner (Figure 4A). No change was detected 

in the levels of total mTOR and Erk, suggesting bafilomycin A1 inhibits the early stage of 

autophagy by promoting Erk activation thus activating mTOR. Taken together, bafilomy-

cin A1 not only inhibits autophagosome-lysosome fusion, but also inhibits the early stage 

of autophagy. The combined effects result in autophagy flux inhibition in DLBCL cell 

lines. 

 

Figure 4. Bafilomycin A1 at low concentration effectively inhibits autophagy of DLBCL 

cell lines via multiple targets. Western blot analysis of p-mTOR, t-mTOR, p-Erk, t-Erk, 

LC3, LC3Ⅱ levels DLBCL cell lines. The cells were treated with or without 5nM bafilo-

mycin A1 for 72 h. 

3.5 Bafilomycin A1 enhances the tumor suppression effect of rituximab on DLBCL cell lines. 

Rituximab is a chimeric monoclonal antibody directed at CD20 with significant activ-

ity in non-Hodgkin lymphoma (NHL), nowadays the standard treatment of DLBCL is R-

CHOP, in which R represents rituximab. We already showed the effect of bafilomycin A1 

on DLBCL cell lines, that bafilomycin A1 triggers apoptosis. We hypothesized that 
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bafilomycin A1 may enhance the tumor suppression effect of current chemotherapy-ritux-

imab on DLBCL cells. To test this, OCI-ly10, OCI-ly19, SUDHL-2, SUDHL-4, Pfeiffer, To-

ledo cells were treated with control (IMDM), bafilomycin A1, rituximab or the combina-

tion of both bafilomycin A1 plus rituximab, CCK8 assay was performed to detect the pro-

liferation of DLBCL cell lines. Consistent with our hypothesis, as shown in Figure 5A, 

treatment with bafilomycin A1 plus rituximab resulted in enhanced inhibition of OCI-ly10 

cells, suggesting that bafilomycin A1 synergizes with rituximab to provide anti-prolifera-

tive effects on DLBCL cell lines (Figure 5A).  

 

Figure 5. The growth of DLBCL cells was assessed over 72 h which were treated with: (1) 

IMDM (Control); (2) bafilomycin A1; (3) rituximab; (4) the combination of both agents. 

Center values are the mean; statistical testing was performed by two-sided t-test, 

****P<0.0001 versus control; *P<0.1 versus control; ++++p<0.0001 versus rituximab. Error 

bars represent SD. 

4. Discussion 

Bafilomycin A1, as an inhibitor of V-ATPase, inhibits H+ from translocating into ves-

icle lumen therefore suppresses the acidosis of organelles such as lysosomes and endo-

somes [36-37]. High concentrations of bafilomycin A1 (0.1-1μM) has been widely used to 

inhibit autophagy flux by blocking the fusion between autophagosomes and lysosomes 

which is a critical step in late-stage autophagy [38-39]. Meanwhile, bafilomycin A1 at high 

concentration exerts cytotoxicity in variable cancer such as hepatocellular carcinoma [19]. 

However, the high concentration of bafilomycin A1 may also induce severe cytotoxicity 

in normal cells, this hinders its use in broad ranges. Regarding the application of bafilo-

mycin A1 in cancer, Yuan Na and colleagues have shown that bafilomycin A1 (1nM) ef-

fectively and specifically inhibited and killed pediatric B-cell acute lymphoblastic leuke-

mia cells [18]. In agreement with previous studies, we have observed that bafilomycin A1 

significantly inhibits the growth of DLBCL cell lines in low concentrations (0.5-20 nM). 

Besides this, the inhibitory effect of bafilomycin A1 on DLBCL cells was enhanced by the 

combination with DLBCL chemotherapy drug rituximab. Given that 30% of DLBCL pa-

tients are about to refractory to current chemotherapy or will relapse with resistant 
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diseases, our finding suggest that bafilomycin A1 alone, or in combination with rituximab, 

may exert a promising therapeutic approach in DLBCL.  

Several researchers have shown that bafilomycin A1 exerts an influence on cell cycle, 

causing cell cycle arrest in cancer cells [18-19]. Here, we have observed that after the treat-

ment of bafilomycin A1 in DLBCL cells, bafilomycin A1 increased the percentage of 

DLBCL cells in the G0/G1 phase of the cell cycle, with a synchronous decrease in S and 

G2/M phases of cells. In line with other studies, our date suggests a G0/G1 phase arrest in 

DLBCL cells cultured with bafilomycin A1. It’s known that G0/G1 phase is mainly regu-

lated by cyclin D1, high levels of cyclin D1 in G1 phase promote entry into S phase while 

levels of cyclin E2 drop greatly after entering S phase. In agreement with previous studies, 

we observed that cyclin D1 decreased, cyclin E2 accumulated in bafilomycin A1-induced 

cell cycle arrest, supporting that cyclin D1 and cyclin E2 play critical roles in inhibition of 

cell growth of bafilomycin A1. Thus, bafilomycin A1 targeted cell cycle regulator cyclin 

D1 and cyclin E2 to induce cell cycle arrest. 

Targeting apoptosis has been the hit of killing DLBCL cells. One investigation, con-

ducted by Su Yao, indicated that Fbw7 was down-regulated in non-germinal center B-cell-

like subtype of DLBCL and low Fbw7 expression was associated with poor prognosis. 

Overexpression of Fbw7 increased apoptosis rates, meanwhile decreased cell viability 

[40].  It has been reported that bafilomycin A1 displays anti-cancer effects targeting at 

apoptosis. For instance, one study states that bafilomycin A1 induces caspase-independ-

ent but apoptosis-inducing factor-dependent apoptosis of pediatric B-cell acute lympho-

blastic leukemia cells [18]. In the meantime, another study also clarifies that bafilomycin 

A1 triggers caspase-independent cell death in hepatocellular carcinoma cells, Puma plays 

a role in bafilomycin A1-mediated cytotoxicity of HCC cells [19]. In agreement with pre-

vious studies, we did observe apoptosis in bafilomycin A1 treated DLBCL cells. To our 

surprise, inconsistent to the above findings, we observed activated caspase-3 and cleaved-

Parp, which is canonical mechanism of apoptosis. We suggest that bafilomycin A1 may 

exert different functions at apoptosis under variable cellular contexts.  

One of the current strategies in the treatment of cancer is to regulate the levels of 

autophagy under specific cellular contexts. It’s known that autophagy can contribute to 

therapeutic resistance, while excessive autophagy can cause autophagy-related cell death. 

For instance, MIR506 induces STAT3-mediated autophagy in pancreatic ductal adenocar-

cinoma (PDAC) cells, as well as inducing cell death which is dependent on autophagy. 

MIR506-mediated regulation of the STAT3-BCL2-BECN1 signaling pathway is the major 

underlying mechanism to induce autophagy-related cell death [41]. Herein, inducing au-

tophagy to cause cell death is one of strategies to regulate autophagy to enhance the treat-

ment of cancer where autophagy plays suppressive roles here. Additionally, another strat-

egy mainly focuses on the relationship between drug resistance with autophagy where 

autophagy plays cytoprotective roles in cancer [34,42]. One research conducted by Xi 

Cheng, revealed that apatinib induces ER stress which is responsible for the induction of 

autophagy in the treatment of advance gastric carcinoma such as human colorectal cancer 

(CRC). Furthermore, blocking autophagy enhances the apoptosis in apatinib-treated hu-

man CRC cell lines. This provides prospective strategy to relieve apatinib drug resistance 

by combining apatinib with autophagy inhibitor chloroquine [34].   

Thus, we hypothesized that bafilomycin A1 as autophagy inhibitor in high concen-

tration may still inhibit autophagy in low concentration, which is promising strategies if 

we combine bafilomycin A1 with DLBCL chemotherapy drug rituximab. As anticipated, 

marked LC3 conversion and accumulation of p62, autolysosomes, increased yellow 

puncta in ad-mCherry-GFP-LC3 system were all detected in bafilomycin A1-treated 

DLBCL cells, which revealed that bafilomycin A1 inhibited autophagy flux. Inconsistent 

to the findings by Yan et al. in bafilomycin A1 treated hepatocellular carcinoma cells in 

which bafilomycin A1 inhibited the activation of the class I PI3K/Akt/mTOR/p70s6K sig-

naling pathway [19], our data shows that bafilomycin A1 upregulated p-Erk which is the 

upstream of mTOR, thus p-mTOR also increased. We proposed that bafilomycin A1 may 

inhibit the early stage of autophagy via inducing the overexpression of p-Erk and p-mTOR 
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and inhibit later stage of autophagy by inhibiting the acidification of lysosomes. Herein, 

we proceeded to combine autophagy inhibitor bafilomycin A1 with DLBCL chemothera-

peutic drug rituximab to observe if two drugs can exert synergistic efficacy on DLBCL 

cells. We found that the concurrent treatment with rituximab synergistically enhanced 

bafilomycin A1-mediated growth inhibition in DLBCL cell lines. However, the mecha-

nism behind this synergy is unclear. Taken together, our results strongly suggest that 

bafilomycin A1 can be developed to treat refractory DLBCL. As ongoing efforts on more 

specific autophagy inhibitors, we anticipate that bafilomycin A1 is a promising candidate 

drug for the treatment of diffuse large B cell lymphoma. 
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