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1. INTRODUCTION 
Colorectal cancer (CRC) is the third most common cancer 

globally and the incidence of CRC is rising year after year[1]. 
In Malaysia, CRC is the second most prevalent cancer, 
accounting for 13.5% of all newly diagnosed cases from 2012 
to 2016 [2]. There are various risk factors that are associated 
with CRC including obesity, diet, alcohol and tobacco [1].  
Heat shock protein 70 (HSP70) is a molecular chaperone 
expressed in response to cellular stress. It stabilizes proteins 
by binding to them, preventing denaturation or aggregation 
until normal conditions are restored [3]. HSP70 plays several 
key roles in normal cellular processes, such as facilitating the 
folding of newly synthesized proteins, transporting proteins 
and vesicles, assembling and disassembling complexes, and 
degrading damaged or unwanted proteins [3]. This chaperone 
is critical for maintaining protein homeostasis under both 
stress and normal conditions [4]. While in homeostasis, 
inducible HSP70 levels are modest; however, damage 
significantly increases its expression. Consequently, it has 
been shown that HSP70 is a sign of cellular stress and can be 
translocated to the extracellular space[5]. 

Structurally, HSP70 contains an N-terminal nucleotide-
binding domain (NBD) (~40 kDa) and a C-terminal substrate-
binding domain (SBD) (~25 kDa), connected by a short linker 
[6]. High expression of HSP70 is associated with poor 
prognosis in several cancers, including breast, endometrial, 
oral, colorectal, and prostate cancers, as well as certain 
leukemias [7]. HSP70 interacts with components of both 
caspase-dependent and independent apoptotic pathways, and 
its overexpression is believed to give cancer cells a survival 
advantage [8]. Extracellular HSP70 has been long thought to 
be a promising biomarker for various diseases including 
cancers and other haematological malignancies [9]. 

Extracellular vesicles (EVs) are membrane-bound vesicles 
that transport bioactive molecules between cells. There are 
several types of EVs depending on the size and biogenesis, 
including apoptotic bodies, microvesicles, and exosomes [10]. 
EVs cargo can alter the fate of recipient cells, both locally and 
remotely, and they often serve as pathological biomarkers 
[10]. HSP70 positive EVs have been shown to be involved in 
various cellular processes. For instance, in an earlier study by 
Gastpar et al., in 2005 has shown that EVs containing HSP70 
stimulate cytolytic activity of natural killer cells [11]. EV-
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bound HSP70 has been shown to be upregulated in different 
cancers such as glioma[12] and breast cancer [13]. Inhibition 
of HSP70 has been a viable approach for treating cancers [14, 
15] 

In fact, multiple small molecule inhibitors have been 
developed to evaluate the efficacy of HSP70 inhibitors in 
different cancers [16].  Nevertheless, the effects of HSP70 
inhibition on the downstream activity of the released EVs have 
yet to be investigated yet. Therefore, herein we report the 
effects of HSP70 inhibition on the functional activities of the 
EVs in CRC. 

 

2. MATERIALS AND METHODS 

2.1 Cell Culture 

The colorectal cancer cell line, HT-29 was used in this 
study. This cell line was previously obtained from ATCC and 
was kept in UMBI’s Biobank. The cells were seeded and 
cultured in RPMI-1640 medium (Nacalai-Tesque, Japan) 
supplemented with 10% EV-depleted FBS and 1% Penn-Strep 
(Nacalai Tesque, Japan). The cells were incubated at 37 °C 
with 5% CO2. For EV isolation, 7.0 ᵡ 10^6 cells were cultured 
in the two T-175 flasks. One was untreated (UT) group 
meanwhile the other one was the VER-155008 treated 
(TVER) group. For the TVER group, treatment was given 
towards the cells after reaching the 70-80% confluency. 0.5 
µM VER-155008 is being added into the EV-depleted cell 
culture supernatant media. After 24 hours, the cell culture 
supernatant for both groups were then collected for EV 
isolation 

2.2 Extracellular Vesicle (EV)-Enriched Isolation 

EVs were isolated from the cell culture supernatant of the 
cultured cells. The EVs were subjected to precipitation and 
column-based isolation (ExoEasy Maxi Column) following 
the manufacturer's protocol (Qiagen, Germany). 

2.3 BCA Measurement 

The isolated EVs were subjected to quantification using 
the Pierce BCA Assay Kit according to the manufacturer’s 
instructions (Thermo Fisher, USA). 

2.4 VER155008 Treatment 

We screened several concentrations of VER 155008 
(MedChemExpress, USA) on HT-29 cells using MTT assay 
(Sigma, USA). In brief, 1x105 cells/ml of HT-29 cells were 
seeded in a 96 well-plate overnight. The next day, various 
concentrations of VER155008 were added to the wells and left 
to incubate for 48 and 72 hours. Following the incubation 
time, 5 mg/mL of MTT was added to each of the wells and 
were incubated for 3-4 hours. Afterwards, the crystallized 
mixture was dissolved with DMSO and the absorbance was 
read at 560nm using a microplate reader. 

2.5 CCK 8 Analysis 

The CCK-8 assay was done according to the 
manufacturer’s protocol (Biosharp, China). In brief, 1x10^4 of 
HT-29 cells were seeded in a 96 well-plate overnight. Then, 
the cells were either treated with EVs isolated from the VER-
treated cells. After 24 hours, 10 ul of CCK-8 was added to 
each of the wells and was left to incubate for 2 hours before 
the absorbance of the reactions was read at 450nm using a 
microplate reader. 

2.6 Wound Healing Analysis 

At the beginning of the experiment, 4.0 × 10⁵ HT-29 cells 
were cultured in each well with 500 μL of medium with EVS-
depleted FBS. After that, 300 μL of the medium was 
discarded, and the surface of each well was scratched with the 
tip of a 200 μL pipette. Each well was washed twice with 500 
μL of 1X PBS. Then, the cells were treated with the EVs 
isolated from the VER-treated cells. Pictures of the scratch 
was taken at 6h, 24h and 48h post-treatment. 

2.7 Statistical Analysis 

We used students T-test for statistical analysis and p 
value<0.05 was considered significant. The statistical analysis 
was performed using the Graphpad Prism software. 

 

3. RESULTS 
To determine the effect of VER-155008 on HT-29 cell 

viability, an MTT assay was performed with increasing 
concentrations of the compound. As shown in Figure 1A, 
VER-155008 reduced cell viability in a dose-dependent 
manner, with an estimated IC₅₀ value between 0.7 and 1.0 µM. 
Based on these findings, a sub-cytotoxic concentration of 0.5 
µM was selected for subsequent experiments to minimize cell 
death and avoid potential interference with extracellular 
vesicle (EV) release. Following EV enrichment, flow 
cytometry analysis was performed to assess the presence of 
EV-associated surface markers. As shown in Figure 1B, EVs 
from both groups expressed the canonical tetraspanin markers 
CD63, CD81, and CD9, confirming successful enrichment of 
extracellular vesicles in our preparations.  

 

Fig. 1. A) MTT analysis after treatment of HT-29 with 
varying concentrations of VER-15508. B) MacsPlex EV IO 
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analysis of the EVs isolated from the Untreated and VER-
Treated cells. 

To further investigate the phenotypic effects of 
VER155008 in HT-29 cells we performed a wound healing 
analysis. As shown in Figure 2, the wound healing assay 
demonstrates that extracellular vesicles (EVs) derived from 
VER155008-treated HT-29 cells reduced cell migration 
compared to untreated controls and EVs from untreated cells. 
At 24 and 48 hours, the untreated and untreated EV groups 
showed increased wound closure, indicating active cell 
migration, whereas cells treated with VER155008-derived 
EVs exhibited markedly slower closure. Quantitative analysis 
confirmed a time-dependent increase in wound closure in all 
groups, but with lower migration percentages in the 
VER155008-treated EV group. These findings suggest that 
inhibition of HSP70 by VER155008 alters the functional 
properties of released EVs, which may diminish their pro-
migratory effects on colorectal cancer cells. 

 

Fig. 2. Wound healing analysis of HT-29 cells after 6, 24 and 
48 hours of treatment with the Untreated and VER-Treated 

EVs. 

Additionally, we also performed a CCK-8 assay to 
evaluate the proliferative activity of the isolated EVs. Based 
on Figure 3, the proliferation assay shows the effect of 
extracellular vesicles (EVs) derived from untreated (UT-EVs) 
and VER155008-treated (T-EVs) HT-29 cells on cell viability 
across varying EV concentrations. Overall, both EV types 
maintained high cell viability, indicating no significant 
cytotoxic effects at the tested concentrations. However, a 
slight reduction in viability was observed in cells treated with 
higher concentrations (2–4 µg/mL) of T-EVs compared to UT-
EVs, suggesting that EVs derived from VER155008-treated 

cells may modestly suppress proliferation at higher 
concentrations. 

 

Fig. 3. CCK8-analysis of HT-29 cells treated with untreated 
and VER-treated Evs 

 

4. DISCUSSION 
To evaluate the effect of HSP70 inhibition on cell 

proliferation we conducted an MTT assay. As displayed in 
Figure 1A, HT-29 cells had lower cell viability as the doses of 
VER-155008 increased. An earlier study by Massey et al., 
showed that VER-155008 has a higher inhibitor potential in 
HCT116 cells as compared to HT-29 cells [17]. This 
influenced the study design by confirming HT-29 as an 
appropriate model for investigating sub-lethal physiological 
modulations because HT-29 cells tolerate low-dose treatment 
without undergoing immediate apoptosis. The authors report 
that the GI50 value for HT-29 was around 12.8 uM [17]. 
Based on these results, we selected 0.5 uM as the dose for the 
downstream functional assays as we do not want to induce cell 
death in HT-29 cells but rather inhibit HSP70 while still 
maintaining some physiological functions. We further isolated 
the EVs from both untreated and VER-treated cells. Both 
populations displayed classical EV markers such as CD63, 
CD81 and CD9. Nevertheless, it should be noted that after 
normalization the VER-treated EVs had a lower expression of 
these markers as compared to untreated EVs. This could 
probably be due to the function of HSC70/HSP70 that is 
heavily involved in the endosomal pathway and protein cargo 
selection [18]. This may be the reason why the tetraspanin 
markers vary between the two groups. 

In our study design, it can be hypothesized that 
VER155008 could inhibit HSP70 that are found both on the 
cellular membrane, extracellular HSP70 as well as EV-bound 
HSP70. Multiple studies have shown that HSP70 can be found 
in the plasma membrane [19]. With this assumption, we 
postulate that the isolated EVs from the VER treated cells 
could also have a physiological difference. Our initial results 
indicated that in VER-treated cells/EVs, the migration and 
proliferation of HT-29 cells were slightly impeded.  The 
slight, concentration-dependent reduction in viability observed 
in recipient cells treated with higher doses (2–4 𝜇g/mL) of T-
EVs indicates that inhibiting HSP70 in producer cells 
attenuates the baseline pro-survival and pro-proliferative 
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signaling capacity typically conferred by tumor EVs. It 
suggests that T-EVs lack critical growth-promoting cargo or 
possess altered molecular signals that modestly suppress 
cancer cell proliferation without causing overt cytotoxic 
destruction.  

A study by Gastpar et al., has shown that HSP70-
containing exosomes are able to affect the migratory and 
cytolytic abilities of natural killer cells [11]. This was in 
agreement with a different study by Lv et al., that showed 
hepatocellular cancer cells release EV-containing HSPs that 
are able to stimulate the activity of NK cells as well [20]. 
When it comes to cancer cells, studies have shown that 
extracellular HSPs can often enhance both pro-and anti- 
tumorigenic properties [21]. For instance, Gastpar et al., 
observed that HSP70 can stimulate the activity of natural killer 
cells [11]. The dual role of extracellular HSPs further 
elucidates the complexity of HSPs especially when it comes to 
the tumor microenvironment. 

We postulate that once HSP70 is inhibited, the 
downstream regulation leading to EV release were also 
affected, thus implicating the cargoes carried within the EVs. 
As mentioned earlier, HSP70 is heavily involved in the protein 
cargo selection [18]. This could in turn affect how the EVs act 
when in contact with the recipient cells. For instance, in a 
study by Lauwers et al., showed that when HSP90 activity was 
inhibited especially the membrane deforming ability, the 
exosomes released were also affected [22].  

 

5. CONCLUSION 
Overall, our preliminary results indicate that HSP70 

inhibition did have some effects on the extracellular vesicles. 
Nevertheless, more in depth studies are needed to fully 
elucidate the relationship between HSP70 and extracellular 
vesicles. 
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