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ABSTRACT

Colorectal cancer (CRC) is a leading cause of cancer-related deaths worldwide, with progression and 
metastasis closely tied to metabolic adaptations, including lipid storage and utilization. Boron derivatives 
have been shown to influence lipid metabolism in animals and humans. Oral boric acid, for example, reduces 
body weight in mice by inducing thermogenic proteins in adipose and skeletal muscle, promoting lipolysis. 
In this study, the anticancer potential of zinc borate (ZnB) in CRC cell lines SW480 (primary) and SW620 
(metastatic) by modulating lipid storage investigated. ZnB reduced cell viability in a dose-dependent manner, 
with SW620 cells showing greater resistance. Fluorescence imaging indicated decreased lipid droplet (LD)-
containing cells, consistent with possible lipophagy involvement. Colony formation and wound healing assays 
revealed impaired proliferation and migration, further diminished by the autophagy inducer AZD-8055. Under 
glutamine-deprived conditions-known to enhance lipid storage and aggressiveness-combined ZnB and 
AZD-8055 treatment markedly reduced LD content, proliferation and motility. These results suggest that 
ZnB disrupts lipid homeostasis involved in CRC cell survival. Our findings highlight the potential therapeutic 
value of co-targeting lipid metabolism and autophagy to combat metabolically adaptive and aggressive CRC.
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1. Introduction

With the third common cancer worldwide and the 
second one of mortality, CRC has been an important 
public health issue in recent years [1]. By 2035, deaths 
from rectal and colon cancers are projected to rise by 
60% and 71.5%, respectively [2].

Risk factors contributing to CRC include family history, 
genetic predispositions, inflammatory bowel disease, 
and the presence of colon polyps [3]. It is estimated 
that about 95% of CRC cases originate from abnormal 
epithelial lesions in the colorectal mucosa, known as 
adenomatous polyps [4].

CRC is a highly heterogeneous disease, with multiple 
molecular pathways driving tumor development and 
metastasis [5]. Cancer cells adapt their metabolism 
through a process called metabolic reprogramming, 
relying on aerobic glycolysis to produce energy even 
in oxygen-rich environments [6]. This phenomenon, 
known as the “Warburg Effect”, supports tumor growth 
under challenging conditions [7] and also impacts 
lipid metabolism [1], which is a key feature of CRC 
and other cancers [6]. Lipids serve as an alternative 
energy source and play a critical role in the metabolic 
flexibility of CRC [8]. As essential components for cell 
structure and energy storage, lipids are increasingly 
consumed by tumor cells under metabolic stress, often 

exceeding the rate at which they are synthesized [9]. 
By altering lipid metabolic pathways-including de novo 
lipogenesis (DNL), lipid transport, fatty acid oxidation, 
LD mobilization, and membrane remodeling-cancer 
cells enhance proliferation and migration while 
ensuring sufficient energy reserves for future demands 
[10,11].

Previous studies have shown that boron derivatives 
affect lipid metabolism in both rats and humans [12]. It 
has been demonstrated that orally administered boric 
acid accelerates lipolysis (the breakdown of lipids 
via autophagy) in mice through the overexpression 
of thermogenic proteins in adipose and skeletal 
muscle tissues, thereby reducing body weight [13]. 
After oral administration, borate is absorbed from the 
gastrointestinal tract and rapidly distributed to tissues, 
and it has been shown that boric acid administration in 
rats leads to increased mRNA expression of fatty acid 
transporters FATP1 and FATP44 in the jejunum [12]. 
The same study also demonstrated that boric acid 
administration reduces the levels of adipogenesis-
related genes such as PPARγ, SREBP-1c, LxR-α, 
and FAS. Due to its effects on body weight and lipid 
metabolism, boric acid has even been suggested for 
use in diabetic patients [12].
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The Wnt/β-catenin signaling pathway is one of the most 
important pathways for adipogenic differentiation, and 
any suppression of its activity can cause an immediate 
negative effect in cells [14.] Boron treatment has 
been shown to stabilize β-catenin protein levels in 
precursor adipose cells, and this is proposed as the 
main underlying cause of boron’s negative effects 
on adipogenesis [15]. In addition, by interacting with 
the NAD+ molecule, boron has been reported to 
inhibit cyclic ADP-ribose, thereby reducing luminal 
endoplasmic reticulum Ca2+ levels and altering the 
endoplasmic reticulum calcium homeostasis, which is 
known to have an effect on adipogenic transformation 
[15].

Various forms of boron, which can form compounds with 
numerous molecules, have been used for therapeutic 
purposes on cancerous tissues [16]. There is a 
noticeable lack of research on the effects of boron-zinc 
compound derivatives, despite the known properties 
of zinc in reducing oxidative stress, increasing 
inflammatory cytokine levels, and suppressing tumor-
promoting transcription factors [17]. Nevertheless, the 
effects of boron compounds on the lipid metabolism 
of cancer cells have not been thoroughly investigated. 
To our knowledge, this is the first study to investigate 
the effects of zinc borate (ZnB) on lipid metabolism 
and autophagy in CRC cells. Unlike other boron 
derivatives, ZnB offers the combined advantage of 
boron’s metabolic regulation and zinc’s antioxidant/
anti-inflammatory properties, positioning it as a unique 
candidate for targeting metabolic vulnerabilities in 
CRC.

In this study, we examined the potential anticancer 
activity of ZnB against the CRC lines SW480 and 
SW620 by targeting lipid storage. To better understand 
whether the effects of ZnB on lipid metabolism and 
autophagy differ according to tumor stage, we utilized 
the isogenic CRC cell lines SW480 and SW620, both 
derived from the same patient. SW480 originates 
from the primary colon tumor, whereas SW620 was 
isolated from a lymph node metastasis. This pairing 
offers a unique model to directly compare primary 
versus metastatic CRC within the same genetic 
background. Previous studies, including our own, 
have demonstrated that SW620 cells display greater 
reliance on lipid metabolism under nutrient stress 
compared to SW480 [18]. By using these two lines, 
our objective was to investigate whether ZnB’s 
modulation of lipid metabolism and autophagy could 
reveal stage-specific vulnerabilities, thereby providing 
insight into how metabolic targeting strategies may 
differentially affect primary and metastatic CRC. Our 
findings suggest that ZnB disrupts lipid homeostasis, 
a process essential for CRC cell survival, and that its 
therapeutic efficacy is augmented through autophagy 
activation highlighting the potential of co-targeting lipid 
metabolism and autophagy as an innovative strategy 
against metabolically adaptive, aggressive CRC.

2. Materials and Methods
2.1. Materials

Cells in L-Glutamine supplemented [(+) LG] or 
L-Glutamine deprived [ (-) LG] medium were treated 
with pre-optimized concentrations of zinc borate (ZnB), 
6-minonicotinamide (6-AN), AG-120, or AZD-8055 for 
24h [18,19]. Information about the treatment duration 
and concentration is given in Table 1.

Chemical Concentration Duration Vehicle Company

ZnB 1μM-1mM 24h DPBS Eti Maden, 
138265-88-0/12767-90-7

6-AN 100μM 24h DMSO Sigma Aldrich,
A68203

AG-120 50μM 24h DMSO Cayman Chemical, 
19894

AZD-8055 10μM 24h DMSO MedChem,
009298-09-2

Table 1. Chemicals used in the study.

For viability assays, ZnB was dissolved directly in the 
culture medium to avoid solvent-induced cytotoxicity 
at the high concentrations required for dose-response 
analyses. For all other assays, 1mM ZnB solution is 
prepared in sterile DPBS, and sterile DPBS in the 
same volume of ZnB applied was served as vehicle 
control. ZnB was a kind gift from Dr. Özge Erdemli, 
while 6-AN, AG-120, and AZD-8055 were kind gifts 
from Prof. Dr. Sreeparna Banerjee.

2.2. Cell Culture

SW480 and SW620 cells were kindly provided by 
Prof. Dr. Sreeparna Banerjee. Cells were maintained 
in Dulbecco’s Modified Eagle Medium Low Glucose 
(DMEM, VivaCell, Germany) media supplemented 
with 10% fetal bovine serum (FBS, Capricorn 
Scientific, Germany), 2 mM L-glutamine (VivaCell, 
Germany), and 100 units/ml penicillin g sodium 
salt/100µg/ml streptomycin (VivaCell, Türkiye). For 
L-glutamine starvation, the cells were incubated for 24 
h in L-glutamine-free medium.

2.3 Cell Viability Assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) and Resazurin Reduction assays were 
applied to determine cytotoxicity of ZnB and determine 
IC50 values. 10,000 cells in 100 μL were seeded in 
each well of 96-well plate. The day after, media was 
aspirated, and cells were treated with ZnB in the range 
of 1-1000 μM for 24h. For MTT assay upon completion 
of treatment, media containing ZnB were aspirated, 
and 100 μL media containing 1.2 mM MTT were added 
to each well. After 4 hours of incubation, 100 μL 10% 
SDS-0.01M HCl solution was added to each well, 
and plates were incubated for 16-18 hours at 37°C. 
The absorbance values were measured at 540nm 
using ELx800 Microplate Reader (BioTek Instruments, 
USA). Following blank subtraction, the absorbance 
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value of each treatment was normalized to the control 
(vehicle) group. For the Resazurin Reduction assay 
upon completion of treatment, 150 μg/mL resazurin 
were added to each well and left for 2.5h incubation at 
37°C. The absorbance values were measured at 540 
nm (resorufin) and 630 nm (background correction) 
using ELx800 Microplate Reader (BioTek Instruments, 
USA). The percentage of resazurin reduction was 
calculated by subtracting the 630 nm reading from 
540 nm for each well, correcting for blank values, and 
normalizing to the untreated control.

2.4. Proliferation Assay

Colony formation assay was performed to evaluate 
the proliferation of the cells in response to the 
corresponding treatments. 1,000 cells in 1000 μL were 
seeded in each well of 6-well plate and left overnight 
for attachment. The following day, the media aspirated, 
and cells were treated with indicated treatments for 
24h (Table 1). Sterile DPBS served as vehicle control. 
Upon completion of treatment, media in each well was 
aspirated, cells washed with sterile DPBS (VivaCell, 
Germany) and fresh media was added to each well. 
The culture medium was replaced every other day 
until colonies were visible to the naked eye (around 
8 days). Cells were then washed once with DPBS 
(VivaCell, Germany) and fixed in 4% formaldehyde 
(ISOLAB, Germany) in PBS for 15 minutes at room 
temperature. Following fixation, the solution was 
removed, and the wells were washed once more 
with PBS. Subsequently, 1 ml of 0.5% crystal violet 
solution (Amresco, USA), prepared in 80% distilled 
water and 20% methanol, was added and incubated 
for 20 minutes at room temperature on a bench rocker. 
Plates were then gently rinse four times with tap water 
and left to air-dry overnight uncovered. The next day, 
the staine colonies were imaged using the G:Box 
Chemi XRQ system (Syngene, India).

2.5. Lipid Droplet Staining

300,000 cells per well were seeded on a 6-well plate 
and left overnight for attachment. The following day 
indicated treatments were applied in (+) or (-) LG 
medium. Upon completion of treatment (24h), cells 
were fixed with 4% formaldehyde in PBS for 20 min, 
and nile red (GlpBio Technology Inc., USA) staining was 
applied for 30 min to label neutral lipid accumulating 
in LDs. Following washing steps, cells were imaged 
using DMi8 Inverted Microscope (Leica Microsystems, 
Germany) equipped with HC PL FLUOTAR 10x/0.30 
objective and L5/GFP filter cube (Ex: 488 nm/Em: 525 
nm). Images were processed in Fiji (https://fiji.sc), and 
cells containing and not containing LDs were counted 
manually, and the percentage of LD-containing cells 
was calculated based on this counting.

2.6. Scratch Assay

The wound healing (scratch) assay was performed 
to determine the effect of a compound on cell 

migration. 1,500,000 cells per well were seeded on 
a 6-well plate and left overnight for attachment. The 
following day, wounds were generated using a sterile 
micropipette tip in the cell culture media. To suppress 
the cell proliferation, cells were treated with 0.5 μM 
mitomycin C. Later on, cells were washed with 1X 
DPBS (VivaCell, Germany), and indicated treatments 
were applied in (+) or (-) LG medium. Wounds were 
imaged using DMi8 Inverted Microscope equipped 
with HC PL FLUOTAR 10x/0.30 objective in white light 
setting at 0h, 24h, and 48h. The length of a scratch 
was measured by using Fiji.

2.7. Statistical Analysis

Statistical analyses were carried out using GraphPad 
Prism Version 8.0 (GraphPad Software, USA). A linear 
regression curve was used for the determination of 
IC50 using MTT assay results. IC50 values of two cell 
lines were compared by t-test. 2-Way ANOVA was 
applied to analyze the colony formation, LD staining, 
and wound healing assays to compare both the effects 
of treatments and cell line differences. P<0.05 was 
taken as an indication of statistical significance.

3. Results and Discussion

SW480 and SW620 cell lines were treated with 
increasing concentrations of ZnB for 24h, and the 
viability of the cells was determined using the MTT 
assay. ZnB treatment exhibited a dose-dependent 
decrease in the viability of both cell lines, SW620 cell 
line being slightly more resistant to ZnB treatment. IC50 
values were determined in the 1-1000 μM range using 
15 different doses and were calculated as 212.8 μM 
for SW480 and 303.3 μM for SW620 cells (Figure 1a). 
As can be seen in Figure 1b, the IC50 values of the cell 
lines, which were calculated from different biological 
replicates, are analyzed with t-test and indicated a 
trend toward higher IC50 in SW620 compared with 
SW480 (p=0.067). Additionally, resazurin viability 
test was applied using different doses of ZnB at 24- 
and 48-h treatment duration to compare differential 
responses to cell lines to ZnB treatment. SW480 cells 
exhibit a decrease in resazurin reduction in response 
to increasing ZnB concentration, while SW620 cells 
exhibit persistence in reduction in both time points 
(Figure 1c). Best to our knowledge, there is not any 
available data comparing the cytotoxic effects of ZnB 
on SW480 and SW620 cell lines. Yet, various studies 
indicate that SW620 are less sensitive to chemotherapy 
agents compared to SW480 cells [20-22]. SW620 
cells found to have higher IC50 values for oxaliplatin, 
irinotecan and 5-flurouracil which are commonly 
employed therapy options for the treatment of CRC 
[21-23]. Additionally, several studies demonstrated the 
use of boric acid and zinc derivates against colorectal 
cancer cell lines. For example, boric acid was shown to 
possess antiproliferative and apoptotic effects against 
SW480 cells, the testes concentration range includes 
10-100mM [24]. In another study, IC50 value of boric 
acid derivate sodium tetraborate was determined as 
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500 μM at 24h [25]. Uçar et al. demonstrated that zinc 
(II) complex exhibits anticancer effects against HT-29 
CRC cells with an IC50 of 17.03 µg/ml [26]. Collectively, 
the MTT-based IC50 values obtained in this study 
are in agreement with previously published reports 
demonstrating cytotoxic effects of boric acid and zinc 
derivatives in colorectal cancer cell lines, as well as 
with studies reporting reduced chemosensitivity of the 
metastatic SW620 cell line compared to the primary 
tumor- derived SW480 cells.

Two doses were selected for further analysis as 200 
μM, which is near the IC50 for SW480 but below the IC50 
for SW620, and 750 μM, which exhibits low viability 
in both cell lines (Figure 1d). These doses were 
chosen empirically from the dose-response curves 
as moderate and high concentrations rather than as 
IC50 doses for both cell lines. Using the same dose 
allowed us to assess how primary versus metastatic 
cells respond to equivalent pharmacological pressure, 
rather than normalizing responses solely based on 
cytotoxicity. The higher concentration (750 µM) was 
intentionally selected as a supra-IC50 dose for both 
cell lines to probe the upper limit of the compound’s 
biological activity.

To determine the effect of ZnB treatment on lipid droplet 
abundance, Nile Red staining was applied using two 
selected doses. Nile Red stains the neutral lipids and 
accumulated neutral lipids in LDs exhibit a puncta 
formation. Both doses of ZnB lead to a decrease in 
LD-containing cell percentages in both cell lines, 
consistent with a possible involvement of lipophagic 
activity, decreased lipid synthesis or enhanced lipid 
oxidation (Figure 2). Since 750 μM ZnB-treated cells 
exhibited a dramatic morphological change, and 

decreased viability, this dose is eliminated in further 
studies to eliminate the pronounced effect led by cell 
death. To our knowledge, there exists no available data 
on the effects of ZnB treatment on the LD abundance 
of CRC cells. Yet, there are many studies highlights 
the deregulated lipid metabolism (elevated fatty acid 
uptake, elevated fatty acid synthesis), enhanced 
LD abundance in cancer cells promoting the cancer 
progression. For example, high expression of fatty 
acid translocase (CD36) has been linked to the higher 
proliferative and migratory capacity of HT-29 and HCT-
116 CRC cell lines [27,28]. Elevated lipid storage in LD 
has been linked to the EMT and metastatic spreading 
of cancer cells [29]. Even though there is no direct 
evidence linking the zinc or boric acid derivates to 
lipid storage in LD, oral boric acid intake was linked 
to increased thermogenesis, and subsequent lipolysis 
[13]. Therefore, the observed decrease in LD-
abundance in response to ZnB treatment correlates 
with the literature.

Our earlier findings demonstrated that L-glutamine 
deprivation led to elevated LD levels in both cell lines, 
with cellular uptake identified as the primary lipid 
source [18]. Increased LD content was accompanied 
by sustained proliferation and enhanced cell motility, 
particularly in the metastatic SW620 cell line [18]. 
Furthermore, previous studies have consistently 
reported that serum glutamine concentrations are 
reduced in CRC patients compared with healthy 
controls [30,31]. Based on these findings, a colony 
formation assay was conducted using ZnB treated cells 
under both glutamine-rich and glutamine-deprived 
conditions to investigate whether ZnB treatment 
could suppress long-term clonogenic growth (long-
term proliferation capacity) under glutamine-rich and 
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glutamine-deprived conditions. To further elucidate the 
relationship between ZnB treatment and metabolic or 
autophagic regulation, cells were exposed to ZnB in 
combination with NADPH production inhibitors-6-AN (a 
pentose phosphate pathway inhibitor) and AG-120 (an 
isocitrate dehydrogenase inhibitor)-as well as with the 
mTOR inhibitor AZD-8055, which induces autophagy. 
The individual effects of 6-AN, AG-120, and AZD-8055 
on colony formation were also examined to allow for 
direct comparison with the combination treatments.

While LD levels were not directly quantified under 
these experimental conditions, the observed 
alterations in colony formation capacity may 
suggest a potential association with changes in 
lipid metabolism. ZnB alone significantly reduced 
colony formation in SW480 cells specifically under 
L-glutamine-deprived conditions, whereas SW620 
cells showed only a moderate decrease (Figure 3a-b). 
Notably, co-treatment with AZD-8055 and ZnB led to 
a pronounced suppression of colony formation, most 
prominently under L-glutamine-deprived conditions in 
both cell lines (Figure 3a-b). While AZD-8055-induced 
autophagy was observed, confirmation of whether this 
process specifically represents lipophagy requires 
further investigation using additional autophagy- and 

lipophagy-related markers. In addition, combined 
treatment with AG-120 or 6-AN together with ZnB 
selectively suppressed the colony-forming capacity of 
SW480 cells under L-glutamine-deprived conditions, 
whereas ZnB alone produced more limited and 
condition-dependent effects. These findings suggest 
a possible role for lipid biosynthesis in supporting 
clonogenic survival in SW480 cells. Importance of fatty 
acid synthesis for CRC proliferation and metastasis 
has been implicated in many recent studies which are 
in line with our findings [32,33].

To further understand the involvement of LD abundance 
in response to ZnB and AZD-8055 treatment, Nile 
Red staining was performed on ZnB- and AZD-8055-
treated cells. ZnB treatment significantly decreased 
LD-containing cells in glutamine-rich conditions for 
both lines and in glutamine-deprived SW620 cells (ns 
in SW480 glutamine-deprived). The reduction in LD-
containing cell percentage of SW480 was found to 
be 15.9% (p=0.0297) in glutamine-containing media 
(Figure 4b upper panel left-hand side) and 5.3% (ns) 
in glutamine deprived media (Figure 4b upper panel 
right-hand side). The reduction in LD-containing 
cell percentage of SW620 was found to be 17.3% 
(p=0.0210) in glutamine-containing media (Figure 4b 

Figure 2. ZnB treatment leads to a decrease in the LD-containing cell percentages of SW480 and SW620 cells. (A) Representative 
microscopy images of Nile Red staining. The bar correspond to 100 μm. 3X zoomed-in images are provided on the right-hand side, 
the rectangle indicates the region zoomed in. (B) Bar graph represents the percentage of LD-containing cells to total cell number. Two 
biological replicates were used, and the data are described as the mean ± SEM. *p < 0.05, **p < 0.01, two-way ANOVA. Raw images 
are provided in Supplementary Figure 1.
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lower panel left-hand side) and 10.9% (p=0.0282) 
in glutamine deprived media (Figure 4b lower panel 
right-hand side). The decrease in LD-containing cells 
as opposed to the vehicle treated cells was more 
dramatic when the combinatorial treatment applied 
especially for the case of SW620 cells in glutamine 
deprived media. 6.2% decrease in LD-containing cells 
was observed in glutamine-deprived SW620 cells when 
AZD-8055 combinatorial treatment applied compared 
to ZnB treatment alone (Figure 4b lower panel right-
hand side). Considering that autophagy induction 
has been previously linked to the clearance of LD 
from cells, the more pronounced effects observed in 
combination with an autophagy inducer correlate with 
a potential involvement of lipophagy, although further 
mechanistic studies are required [34,35].

Enhanced lipid storage within the cancer cells has 
been linked to cell survival and metastasis [36]. Taken 
together with the LD data, these findings suggest that 
modulation of cell survival by ZnB and AZD-8055 may 
involve reduced lipid storage. To underscore the role 
of lipid storage in migratory behavior, a wound healing 
assay was conducted in ZnB- and AZD-8055-treated 

cells. Figure 5 exhibits representative images illustrate 
the progressive closure of the scratch area over 0, 24, 
and 48 hours, while the accompanying quantitative 
analyses present both time-course and endpoint 
measurements of wound closure. In SW480 cells, 
treatment tended to reduce migration compared with 
vehicles under both nutrient conditions, although the 
differences were not statistically significant. In SW620 
cells, the inhibitory effect of treatment on wound 
closure was more pronounced. Both ZnB as single 
agent (p=0.0257) and in combination with AZD-8055 
(p=0.0050) was able to decrease the wound closure 
significantly compared to Vehicle at 48h time point. 
ZnB and AZD-8055 combinatorial treatment were 
also able to suppress migration of SW620 cells in 
glutamine-rich media at 24h time point (p=0.0294). 
Considering that glutamine starvation enhances LD 
formation, results suggest that SW620 cells may rely 
on lipid storage to support motility under glutamine 
deprivation. Importance of lipid storage for migratory 
behavior has been shown by various studies as 
well. A systematic review analyzing the 12,837 CRC 
patient data underscores the importance of abdominal 
obesity for the progression of CRC [37]. In another 

Figure 3. ZnB treatment, combined with the autophagy inducer AZD-8055, results in a pronounced reduction in colony formation 
in SW480 and SW620 cells. (A) Representative colony images of crystal violet staining of colonies. (B) Bar graph representing the 
percentage of colony formation capacity. The data was normalized to the vehicle control, which is indicated by the dashed line. Three 
biological replicates were used, and the data are described as the mean ± SEM. *p < 0.05, **p < 0.01, ****p < 0.0001, two-way ANOVA.
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activity, decreased lipid synthesis or enhanced lipid 
oxidation. Although these changes may indicate a 
link with lipid metabolism and ZnB treatment, further 
studies are required to confirm the effect on ZnB 
treatment on lipid biosynthesis, lipophagic activity 
or lipid peroxidation. Colony formation and wound 
healing assays demonstrated ZnB reduces LD content 
primarily in glutamine-rich conditions and impairs 
motility in glutamine-deprived SW620 cells, effect 
enhanced by AZD-8055 combination, suggesting a 
potential role for lipid mechanism in CRC adaptation 
under glutamine stress. However, the absence of 
additional dedicated motility and invasion assays (such 
as transwell-based approaches) represents a limitation 
of the present study and should be addressed in future 
work. Notably, the combined treatment significantly 
reduced LD content, particularly under glutamine-
deprived conditions, which previously were shown 
to elevate LD accumulation and support cancer cell 
proliferation and motility [18].

These findings suggest that ZnB alters lipid storage 
and/or utilization, which may contribute to CRC cell 
adaptation. The enhanced effects observed when 
ZnB is combined with AZD-8055 are consistent with a 
possible role of lipid metabolism and storage pathways 
in supporting survival, particularly in metastatic-like 
cells that may rely more heavily on lipid reservoirs 
under metabolic stress.

study, LD has been shown as a key resource to fuel 
the metastasis process through the oncogene KRAS 
in human pancreatic cancer cells [38]. Additionally, 
AZD-8055 is a well-known autophagy inducer through 
mTOR inhibitor, and its role has been exemplified 
by many studies [39,40]. Xie et al. demonstrated the 
role of mTORC1 for the suppression of lipophagy 
in a RAB7-A dependent manner as well linked the 
suppression of mTOR with decreased lipid storage 
and therefore limitation of the migratory behavior [41].

Collectively, ZnB disrupts lipid storage and, in 
combination with AZD-8055, reduces colony formation, 
LD content, and motility (primarily in SW620 cells 
under glutamine deprivation), suggesting a potential 
role for lipid metabolism in CRC cell survival (Figure 
6). These findings highlight the therapeutic potential of 
targeting lipid metabolism to impair cancer cell survival 
and aggressiveness.

4. Conclusions

In this study, the impact of ZnB treatment on CRC lines 
SW480 and SW620, with a focus on cell viability, lipid 
metabolism, and proliferative and migratory behavior 
investigated. ZnB treatment reduced cell viability in a 
dose-dependent manner, with SW620 cells displaying 
greater resistance than SW480 cells. Selected doses 
of ZnB significantly decreased the percentage of 
LD-containing cells, suggesting potential lipophagic 

Figure 4. Combinatorial treatment of AZD-0855 enhanced the effect of ZnB treatment on LDcontent. (A) Representative microscopy 
images of Nile Red staining. 3X zoomed-in images. The bar corresponds to 100 μm. 3X zoomed-in images are provided on the right-hand 
side, the rectangle indicates the region zoomed in. (B) Bar graph represents the percentage of LD-containing cells to total cell number. 
Two biological replicates were used, and the data are described as the mean ± SEM. *p < 0.05, **p < 0.01, ****p < 0.0001, two-way 
ANOVA. Raw images are provided in Supplementary Figure 1.
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Figure 5. Combinatorial treatment of AZD-0855 enhanced the effect of ZnB treatment on motility. (A) Representative microscopy images 
of wounds (left panel), XY-graph indicatingthe time-course wound closure percentage (middle panel), and endpoint bar graph (right 
panel) are given for SW480 cells. (B) Representative microscopy images of wounds (left panel), XY-graph indicating the time-course 
wound closure percentage (middle panel), and endpoint bar graph (right panel) are given for SW620 cells. Two biological replicates were 
used, and the data are described as the mean ± SEM. *p < 0.05, **p < 0.01, two-way ANOVA. Representative raw images are provided 
in Supplementary Figure 2.
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