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Introduction

Cancer has emerged as one of the leading causes of death 
worldwide, accounting for nearly 10 million deaths in 2020, 
or nearly one in six deaths (1,2). Among various cancers, 
pancreatic ductal adenocarcinoma (PDAC) is considered 
one of the most aggressive and lethal malignancies 
worldwide, with a median survival time of fewer than  
18 months (3,4). It remains undiagnosed at the initial stage 
in most cases, and mostly at the time of diagnosis, the tumor 

is advanced locally or has metastasized distantly. Therefore, 
a radical surgical resection for a curative treatment option 
can be performed in <20% of cases only as most patients 
have an advanced stage of the disease at the diagnosis.

In pancreatic cancers, the signaling pathways governing 
organogenesis are often deregulated in tumors (5,6). 
Tumorigenesis, wherein normal cells are transformed into 
malignant cells, is a result of major biological changes 
occurring in the neoplastic cells, which is called the hallmark 
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of cancer (7). Besides mutations in the key driver genes, 
deregulation of the above epigenetic mechanisms, such as 
histone acetylation and deacetylation are also considered 
to be an underlying cause of cancer development (8).  
The balance of acetylation and deacetylation of lysine 
residues is critical in sustaining body homeostasis, and 
any disruption of this balance can lead to cancer as well as 
many developmental disorders in humans (9). Pancreatic 
cancer is the seventh leading cause of cancer-related deaths 
worldwide. The incidence of pancreatic cancer varies across 
regions and populations. Globally its incidence is 5.5 per 
100,000 in men and 4.0 per 100,000 in women (3,4).

Histone deacetylase 6 (HDAC6; Sirt6) is a member of the 
HDAC family that participates in histone acetylation and 
deacetylation and also targets several non-histone substrates, 
such as α-tubulin, cortactin, and heat shock protein 90 
(HSP90), to regulate cell proliferation, metastasis, invasion, 
and mitosis in tumors (10,11). Furthermore, it also forms 
complexes with various other proteins to regulate both 
pathological and physiological processes.

HDAC6 was found to be overexpressed in pancreatic 
cancer cells as compared to normal cells and adjacent cells in 
various studies (12). This upregulation might indicate their 
involvement in cancer proliferation. However, further studies 
revealed that HDAC6 is only associated with pancreatic 
cancer cell motility rather than its proliferation (12). HDAC 
also upregulates host immune responses. HDAC6, in 
particular, modulates the acetylation step of non-histone 
proteins involved in tumor processes of migration, metastasis, 
stress pathways, and angiogenesis (13).

Over time, researchers are trying to develop HDAC6-

specific inhibitors to control the notorious disease (13). 
HDAC6-specific inhibitors demonstrated apoptotic 
activities other than modulating the acetylation step. These 
compounds result in cell cycle arrest in pancreatic cancer at 
G1 or G2 phases, they also induce apoptosis in pancreatic 
cancer cells. Their combination with gemcitabine (DNA-
damage inducing agent) can prove to be an effective 
pancreatic cancer treatment (14). Studies on HDAC 
inhibitors have shown their strong anticancer activities and 
tumor specificities owing to their apoptotic effect, arrest 
of cell cycle, and angiogenesis inhibition (13-15). Towards 
this end, we aim to elucidate the role of histone deacetylase 
inhibitors in pancreatic cancer tumor regression and its 
ability to inhibit metastasis.

We wish to employ zebrafish to accomplish our goal. 
Zebrafish have emerged as one powerful genetic model 
to study the developments in vertebrates. It has been used 
excessively to understand the pathophysiology of diseases in 
humans, genetic dissection of the mechanisms underlying 
vertebrate organogenesis, including the formation of the 
pancreas, and unravel the genetic alterations associated with 
the progressive transformation of the pancreatic duct cell 
into invasive carcinoma (16,17). The ongoing work on the 
zebrafish model is likely to complement research carried out 
using other vertebrate model organisms and may help in 
identifying markers that define the early stages of pancreatic 
tumorigenesis as well as potential targets for therapy.

The use of this zebrafish has several advantages over 
other animal models. The small size of zebrafish, high 
breeding ability, ability to become sexually mature within 
2–3 months, and high fecundity of female zebrafish allow 
us to maintain large numbers of these fish in a small area. 
Zebrafish embryos are transparent, thus allowing researchers 
to study embryogenesis and organogenesis in these fish 
with ease. Moreover, it also facilitates the performance of 
lineage tracing, green fluorescent protein (GFP) analysis, and 
experimentation involving cell transplantation (18).

Zebrafish is emerging as an exciting model to study 
different human tumor types. Due to genetic homology, 
physiology, and developmental similarity, zebrafish have 
increasingly become a desirable tool for studying the 
development and modelling of human disease, notably 
studying the initiation, progression, and also metastasis of 
cancer (18,19).

Furthermore, the transparency of zebrafish embryos and 
ease of genetic tractability due to ongoing developments 
in the field of visualization and genetic interference 
technologies are making zebrafish models even more 
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practical to be used for diagnosis and further elucidating the 
pathophysiology of cancer.

Zebrafish and its embryos have been widely used in 
pancreatic cancer research. As stated above, pancreas 
organogenesis in zebrafish embryos is similar to the 
human pancreas, especially in terms of physiologically 
and morphologically. The development of the pancreas 
in zebrafish is completed in three stages viz gastrulation 
or early stage, somitogenesis or mid-stage, and larva or 
end-stage. At the late blastula stage, marginal cells of the 
embryo give rise to endoderm (4 hours post-fertilization, 
hpf). In the dorsal marginal area, pancreas progenitors 
are present, cells closer to the dorsal zone form the dorsal 
pancreatic bud, and those which are away from the ventral 
pancreatic bud. During this early stage, the hypoblast layer 
is formed by the involution process of the endoderm and 
mesoderm. At 8 hpf, definitive endoderm is formed (20). 
At 10 hpf, progenitors arrange at the equator (21) where 
inductive signals (RA) signals coming from mesoderm play 
a significant role in the pancreatic specification of cells (22).  
At this stage, all three germ layers are at the dorsal 
midline (23). Primary islets are formed by converging 
insulin cells, endodermal sheets, and pdx1+ cells at  
18 hpf. Somitogenesis is completed at about 24 hpf with 
the formation of dorsal pancreatic buds. At about 32 hpf 
ventral bud appears, and the mesoderm layer between 
26–29 hpf is responsible for this (24,25). Finally, at about 
48 hpf or 2 days both the buds fuse morphogenetically to 
give rise to a mature pancreas where primary islets sit at 
the core of the mature pancreas (24). Therefore, using the 
day 2 embryo of zebrafish can prove to be significantly 
important when it comes to studying pancreatic diseases 
because it has matured pancreas with similar features to 
that of the human pancreas.

Thus, to achieve our aim of deciphering the role of 
histone deacetylase inhibitors in pancreatic cancer tumor 
regression and its ability to inhibit metastasis, we chose the 
zebrafish model. I present this article in accordance with 
the STROBE reporting checklist (available at https://pcm.
amegroups.com/article/view/10.21037/pcm-23-8/rc).

Methods

Cell culturing

The human pancreatic adenocarcinoma (PANC-1) cell 
lines were obtained from ATTC (Virginia, USA) and were 
cultured in RPMI 1640 medium GIBCO (Montana, USA) 

supplemented with 10% Fetal Calf Serum, 1% L-glutamine, 
1% penicillin-streptomycin. They were grown in 75 cm3 

cell culturing flasks at 37 ℃ in a humidified atmosphere 
containing 5% CO2.

Cell staining

The cells, when they reached a confluency of about 70–
80%, were processed for staining with fluorescent Dil dye. 
The medium from culturing flask was decanted, and cells 
were washed several times by adding 3 mL PBS (phosphate-
buffered saline) and gentle shaking. After the final wash, 
PBS was discarded. Dil stock solution, 3 µL was added 
to a 10-mL pre-warmed PBS; this solution of Dil-PBS  
(10 mL) was added to the culture flask and incubated at 
37 ℃ for 30 minutes. After 30 minutes, the content of the 
culture flask having the detached cells and staining solution 
was transferred to a 15-mL falcon tube and centrifuged 
for 5 minutes at 400 g. The supernatant was removed, and 
cells were washed twice by adding PBS and centrifuged for 
5 minutes at 400 g each time. Lastly, the cell pellets were 
washed with 1 mL medium. The cells were then transferred 
to an Eppendorf tube and resuspended to be used for 
further experiments.

Preparation of the embryo

Adult Fli1: EGFP transgenic zebrafish (zebrafish facility 
Linkoping University) were used for this experiment and 
were handled in strict compliance with local animal welfare 
regulations. Fish were kept in a breeding tank at a mean 
temperature of 28 ℃ with a 14:10 hr light to dark cycle. 
Zebrafish fertilized eggs were obtained by natural mating 
between four females and two males overnight, and after  
16 hours the eggs were harvested and placed in a dish with 
E3 medium (containing 0.286 g NaCl, 0.048 g CaCl2, 0.081 g  
MgSO4 and 0.0126 g KCl per liter, pH7.2) supplemented 
with 0.2 mM 1-Phenyl-2-thiourea (PTU) solution. PTU 
prevents the pigmentation of the embryo, making the 
zebrafish transparent facilitating observance of the injected 
cells by microscopy.

The 48-hour-old zebrafish embryos were manually 
decoronated (hatched), transferred on a 2% agarose gel, and 
anesthetized with 0.04% tricaine solution.

Using a micropipette puller, a microcapillary was inserted 
into two needles. The needles were then filled with the cell’s 
suspension and gently injected into the peri-vitelline space 
(PVS) of embryos.

https://pcm.amegroups.com/article/view/10.21037/pcm-23-8/rc
https://pcm.amegroups.com/article/view/10.21037/pcm-23-8/rc
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Immediately after injection (day 0), the embryos were 
viewed under the microscope to exclude the embryos which 
were accidentally injected into the yolk and to take pictures 
of the embryo at day 0. Correctly injected embryos were 
then transferred to a 24-well plate filled with PTU solution 
supplemented with the Sirt6 inhibitor or Sirt6 analogue 
or vehicle (Control) and incubated 36 ℃ for 3 days. After 
3 days images were captured using a DS-2 camera on a 
Nikon SMZ1500 fluorescence microscope under the red 
fluorescent light.

Quantification of tumor cells

Tumor size and total area of tumor were measured using 
the ImageJ software 1.46r (National Institute of Health, 
Bethesda, Maryland, USA). The brightness and contrast 
were adjusted using the menu image-adjust-brightness and 
contrast, and the threshold was adjusted using the menu 
image-adjust threshold. The total area measured within 
the required area was obtained by pressing the menu-
analyse-analyse particles function, then the number of the 
total area of the tumor was recorded for all the groups and 
normalized. For the metastasis study, the number of cells 
that migrated from the PVS to the tail after three days of 
implantation in both the Control and treatment groups was 
counted.

Preparation of anticancer drugs

Sirt6 inhibitors and Sirt6 analog (obtained from Stockholm 
University) at 10 micromolar (µM) concentrations were 

used as a treatment modality. They were diluted 1,000× 
from the stock in the DMSO solution.

Ethical clearance

The use of zebrafish embryos that are younger than  
5 days is exempted from ethical approvals as they are not 
considered research animals according to FELASA and 
Swedish rules. Notwithstanding, the investigator is certified 
to work with both adult and embryonic zebrafish, and the 
concerned lab (Linkoping University) has ethical approval 
for research studies related to zebrafish, including tumor 
implantation studies (N89/15).

Statistical analysis

Statistical differences between the groups were determined 
by Student’s t-test using GraphPad Prism Software 
(GraphPad Software, San Diego, CA, USA) and P<0.05 
was considered statistically significant. Tumor areas after 
injection of PANC-1 cell line in the PVS of zebrafish 
embryos (ZE) without (Control group) and with Sirt6 (+ 
Sirt6 inhibitor/analog group) were depicted as Whisker’s 
plots using GraphPad Prism Software (GraphPad Software, 
San Diego, CA, USA) and  P<0.05 was considered 
statistically significant.

Results

We studied the effect of HDAC6 inhibitors on pancreatic 
cancer tumor regression and its ability to inhibit metastasis 
employing zebrafish embryos. The human cell line PANC-1  
was injected into the PVS of zebrafish embryos. Since 
the process required expertise, we repeated experiments 
until successful and reproducible results were achieved. In 
addition, we selected only those embryos where the cells 
were implanted in the PVS only and not in the yolk sack. 
Around 120–150 embryos were injected in each experiment.

Three days of after implantation, the area of the tumor 
increased, a representative fluorescent micrograph of day 0 
and day 3 is shown in Figure 1.

Sirt6 inhibitors at 10 micromolar (µM) were used. After 
treatment with Sirt6 inhibitors (+ Sirt6 inhibitor group), 
there was a reduction in the growth of the tumor from day 0 
to day 3 as shown in Figure 1. We then measured the tumor 
areas on day 3 of the Control and + Sirt6 inhibitor group 
and observed a significant (P=0.001) reduction in the tumor 
size of the later (Figure 2 and Table 1).
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Figure 1 Tumor area: day 0 & day 3 after PANC-1 cell line 
implantation in PVS of ZE in Control and with Sirt6 inhibitor. 
PANC-1, pancreatic adenocarcinoma; PVS, peri-vitelline space; 
ZE, zebrafish embryos. 
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Pancreatic duct adenocarcinoma is characterized by early 
metastasis. We, therefore, studied the level of metastasis in 
PANC-1 cell line after fertilization in the Control and the 
group treated with Sirt6 inhibitor. Red fluorescent labeled 
PANC-1 cells were thus injected into the PVS of zebrafish 
embryos at 48 hours post-fertilization as a Control group. 
The injected cells could successfully form a solid tumor at the 
site of the injection, and it also showed a level of metastasis 
with a varying number of cells migrated from the PVS to 

the tail region (Figures 3,4). Simultaneously, in another 
set of experiments PANC-1 cells were microinjected into 
zebrafish embryos post-fertilization and treated with Sirt6 
inhibitor. About 30 embryos were used per experiment. Here 
we observed a lower level of metastasis as compared to the 
Control group (Figure 5 and Table 2).

Table 1 The Comparison of tumor areas of the Control and the 
group which received Sirt6 inhibitor

Cell line
Tumor area (µm2) day 3 after implantation

P value*
Control group + Sirt6 inhibitor group

PANC-1 1.5 (1.3–1.6) 0.75 (0.5–1.0) 0.001

Data are expressed as median (interquartile range). *, Student’s 
t-test. PANC-1, pancreatic adenocarcinoma.

Figure 3 Representative fluorescent micrographs of the tumor 
shown in red, metastasized in Control and + Sirt6 inhibitor groups. 

Figure 4 PANC-1 cells injected in the PVS of ZE without 
(Control) and with Sirt6 inhibitor metastasized and moved to the 
tail of ZE. Significantly more cells metastasized in Control than in 
the group with Sirt6 inhibitor. Data from 30 embryos per group. 
PANC-1, pancreatic adenocarcinoma; PVS, peri-vitelline space; 
ZE, zebrafish embryos.Figure 2 Tumor area on day 3 after injection of PANC-1 cell line 

in the PVS of ZE without (Control) & with Sirt6 groups. The two 
areas differed significantly (P=0.001). Data from 24 embryos per 
group. PANC-1, pancreatic adenocarcinoma; PVS, peri-vitelline 
space; ZE, zebrafish embryos.
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Table 2 Comparison of number of cells metastasized per cell line in 
Control group and the group which received Sirt6 inhibitor

Cell line
No. of cells metastasized

P value*
Control group Group with Sirt6 inhibitor

PANC-1 10 [6–13] 6 [3–8] 0.001

Data are expressed as median [interquartile range]. *, Student’s 
t-test. PANC-1, pancreatic adenocarcinoma.

Figure 5 PANC-1 cells injected in the PVS of ZE without 
(Control) and + Sirt6, significantly more cells metastasized 
in Control than cells injected with Sirt6 (P<0.001). PANC-1,  
pancreatic adenocarcinoma; PVS, peri-vitelline space; ZE, 
zebrafish embryos.
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We further tested the effect of the analog of Sirt6 on 
the tumor. Subsequent to the implantation of the tumor,  
10 µmolar (µM) of Sirt6 analog was injected and 3 days later 
area of the tumor was compared with the area of tumor seen 
on day 0 (Figure 6). A significant regression of tumor area 
(P<0.0001) was observed (Figure 7), and the experiment was 
repeated twice (Table 3).

The anti-metastatic activity of the Sirt6 analog on the 
PANC-1 cell line was also assessed. A group of zebrafish 
embryos received Sirt6 analog following the procedure 
as described for studying the effect of Sirt6 inhibitor. A 

representative fluorescent micrograph showing metastasized 
on day 3 is shown in Figure 8. The number of cells that 
migrated from the PVS to the tail was few in the group 
treated with the Sirt6 analog as compared to the Control 
(Figure 9). The group treated with Sirt6 analog showed 
a significant (P=0.001) decrease in the number of cells 
undergoing metastasis as compared to the Control group 
(Figure 10 and Table 4).

Discussion

Histone acetylation and deacetylation are important 
epigenetic mechanisms, and HDAC6 is a member of the 

Figure 6 PANC-1 cells were injected in the PVS of ZE before & 
after the treatment + Sirt6 analog at 10 µM. A significant decrease 
was seen in the average tumor area when the day 3 area of the 
Control was compared with the day 3 tumor area of the Sirt6 
analog. PANC-1, pancreatic adenocarcinoma; PVS, peri-vitelline 
space; ZE, zebrafish embryos.

Figure 8 Representative fluorescent micrographs of the tumor 
shown in red, metastasized in Control and with Sirt6 inhibitor 
groups. 

Figure 9 PANC-1 cells injected in the PVS of ZE without 
(Control) and with Sirt6 analog metastasized & moved to the 
tail of ZE. Significantly a greater number of cells metastasized 
in Control than the cells injected with Sirt6 analog (P<0.001).  
PANC-1, pancreatic adenocarcinoma; PVS, peri-vitelline space; 
ZE, zebrafish embryos.

Figure 7 Tumor area on day 3 after injection of PANC-1 cell 
line in the PVS of ZE without (Control) & with Sirt6 analog 
groups. The two areas differed significantly (P<0.0001). PANC-1,  
pancreatic adenocarcinoma; PVS, peri-vitelline space; ZE, 
zebrafish embryos.
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Table 3 The Comparison of tumor areas of the Control and the 
group which received Sirt6 analog

Cell line
Tumor area (µm2), day 3 after implantation 

P value*
Control group + Sirt6 analog 

PANC-1 1.5 (1.3–1.6) 1.15 (1–1.3) 0.001

Data are expressed as median (interquartile range). *, Student’s 
t-test. PANC-1, pancreatic adenocarcinoma.
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HDAC family. Besides deacetylating histones, it targets 
non-histone substrates and regulates cell proliferation, 
metastasis, cancer cell migration and invasion, and mitosis 
in tumors (26-28). In addition, it upregulates several 
important factors in the immune system, which are the 
primary targets of cancer immunotherapy (29,30). These 
features make HDAC6 a promising target in cancer drug 
development. In this study, we aimed to decipher the role of 
histone acetaldehyde inhibitor in pancreatic cancer tumor 
regression and its ability to inhibit metastasis and chose the 
zebrafish model.

The use of zebrafish as an animal model for studying 
tumor biology has increased recently (31,32). The 
utilization of transparent zebrafish embryos, with 
fluorescent endothelial and or immune cells, makes possible 
the visualization of cell-to-cell interaction, within host cells 
themselves and between zebrafish stroma and the human 
cancer cells implanted (33,34). Studies have shown that 
there is high conservation of tumor-suppressor genes and 
oncogenes between zebrafish and human, making data 

elaborated in zebrafish essential for understanding human 
diseases (35).

In this study, human tumor cells were engrafted into 
the PVS of the zebrafish embryos for the inducement 
of primary tumor growth and metastasis. Induction of 
angiogenesis through tumor, the formation of metastasis, 
inhibition of these processes, and other comparative 
chemical frameworks have been studied extensively using 
the zebrafish metastasis model (36). The zebrafish metastasis 
model offers the opportunity to explain critical kinetics 
and main frameworks that are involved in the regulation of 
tumor-microenvironment interactions and support tumor 
spreading (33,37).

It has been reported that the regulation of cancer 
extravasation is through fibroblasts and mesenchymal cells 
present in the tumor microenvironment (38). The study 
by Liu et al. [2017] revealed that cancer-related fibroblasts 
increased cancer cell metastasis at the very early stage 
during primary tumor advancement (37). Cancer-related 
fibroblasts can hijack cancer cells for spreading from the 
primary site even at a stage where a primary tumor is of 
a microscopic size with only a few hundred cells (37). 
In this study, three days after implantation of cells, the 
average areas of tumors formed increased significantly from  
day 0 to day 3 in the Control group. We also observed 
cancer metastasis which is typified by abnormal cell 
migration to the tail as reported earlier (39).

We further examined the involvement of Sirt6 in 
cancer biology and therefore used Sirt6 inhibitor to see 
the anticancer effects of Sirt6 inhibition on the PANC-
1 cell lines injected in the PVS of the zebrafish embryos. 
The anticancer operations of histone deacetylase inhibitors 
(HDACi) have been reported by various studies and 
found that they arrest the cell cycle and cause inhibition 
of angiogenesis (13). Our study showed that there was 
a significant difference between the Control and the 
treatment groups. Significant decreases in the average area 
of tumor were observed in the treatment groups, PANC-1 
PVS with Sirt6 inhibitors, when compared with the Control 
groups, 3 days of treatment, indicating that Sirt6 elicited 
anticancer effects.

Three days after implantation of cells, the tumor area 
regressed significantly when compared with the Control, 
indicating that Sirt6 inhibitor elicited anticancer effects. 
Besides regression of tumor area, it also caused significant 
decreases in the number of cells undergoing metastasis. One 
of the probable mechanisms involved is that the inhibitor 
regulates the acetylation state of histone; and interferes 

Figure 10 PANC-1 cells injected in the PVS of ZE without 
(Control) and with Sirt6 analog metastasized & moved to the 
tail of ZE. Significantly (P=0.001) a greater number of cells 
metastasized in Control than the cells injected with Sirt6 analog. 
PANC-1, pancreatic adenocarcinoma; PVS, peri-vitelline space; 
ZE, zebrafish embryos.

Table 4 Comparison of number of cells metastasized per cell line in 
Control group and the group which received Sirt6 analog

Cell line
No. of cells metastasized

P value*
Control group Group with Sirt6 analog

PANC-1  8 [6–9]  5 [4–6] 0.001

Data are expressed as median [interquartile range]. *, Student’s 
t-test. PANC-1, pancreatic adenocarcinoma.
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with the balance of histone acetylation and deacetylation 
in tumor cells, thus inhibiting tumor cell angiogenesis 
invasion, and metastasis (40,41). In agreement with our 
observation, a previous study has explored the anticancer 
activities of Sirt6 inhibitors has reported arresting the cell 
cycle and causing inhibition of angiogenesis (13). Our work 
is in agreement with the findings reported previously. A 
study that used tubacin, a selective HDAC6i, to examine 
the effect of pancreatic tumor growth in zebrafish models 
reported that HDAC6i was linked to the deacetylation of 
α-tubulin in a zebrafish model (42). Another study using a 
selective inhibitor of class I and II HDACs with ML-60218 
revealed that this combination elicited synergistic inhibition 
of proliferation of tumors by initiating cell cycle arrest and 
upregulation of CDK-inhibitors (42).

It was also found that there was a significant decrease 
in the number of metastasized cells in the treatment group 
when compared with the Control group after 3 days of 
treatment. Our findings support that Sirt6 inhibitors could 
be used as anticancer drugs targeting both proliferation and 
invasion and metastasis at the same time.

Further, isoform-specific inhibitors of its enzymatic have 
also been synthesized, and some of these inhibitors are 
currently in clinical trials (43,44). We also demonstrated 
that Sirt6 analog could restrict the growth of tumor size and 
reduce the number of cells undergoing metastasis.

There is a staggering unmet clinical need to create new 
drugs for the treatment of pancreatic cancer. To date, the 
focus on the medical treatment of this disease is sparse, 
and fruitful clinical outcome of the research is yet to be 
shown. The data on the role of HDAC6 as a target for the 
treatment of pancreatic cancer in zebrafish models is very 
limited. Towards this end, our work provides the basis for 
the use of HDAC6 inhibitors in clinical practices.

Limitations of the study

The study limitations include the duration of the 
implantation and injecting inhibitor or its analog of 
three days. An extended study duration can be performed 
to observe the long-term effects of the implanted cells 
concerning the reduction in tumor size and the effects of 
the inhibitor as a potential therapeutic agent. Also, any 
translational studies in cancer require further confirmation 
of the results by performing more assays like Western 
blotting, real-time polymerase chain reaction (RT-PCR), 
immunohistochemistry (IHC) analysis, and flow cytometry 
which is a limitation in this study.

Conclusions

The present study could confirm the potency of HDAC6 
inhibitor and its analog to regress tumor size and reduce the 
number of cells undergoing metastasis. The focus on the 
tumor microenvironment and extravasation is a requirement 
to research the migration and proliferation of these cells 
and understand their signaling pathways. Further, isoform-
specific inhibitors of the enzyme have also been synthesized, 
and some of these inhibitors are currently in clinical 
trials. It paves a new direction for using these inhibitors as 
therapeutic agents and calls for more translational-based 
research with a larger scale and optimum dosage range to 
be studied to be utilized on a commercial scale.
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