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the expression of P62 protein by chloroquine
combined with dacarbazine can reduce
the malignant progression of uveal melanoma
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Abstract

Background: Although uveal melanoma (UM) at the early stage is controllable to some extent, it inevitably ulti-
mately leads to death due to its metastasis. At present, the difficulty is that there is no way to effectively tackle the
metastasis. It is hypothesized that these will be treated by target molecules, but the recognized target molecule has
not yet been found. In this study, the target molecule was explored through proteomics.

Methods: Transgenic enhanced green fluorescent protein (EGFP) inbred nude mice, which spontaneously display

a tumor microenvironment (TME), were used as model animal carriers. The UM cell line 92.1 was inoculated into

the brain ventricle stimulating metastatic growth of UM, and a graft re-cultured Next, the UM cell line 92.1-A was
obtained through monoclonal amplification, and a differential proteomics database, between 92.1 and ectopic
92.1-A, was established. Finally, bioinformatics methodologies were adopted to optimize key regulatory proteins, and
in vivo and in vitro functional verification and targeted drug screening were performed.

Results: Cells and tissues displaying green fluorescence in animal models were determined as TME characteristics
provided by hosts. The data of various biological phenotypes detected proved that 92.1-A were more malignant than
92.1. Besides this malignancy, the key protein p62 (SQSTM1), selected from 5267 quantifiable differential proteomics
databases, was a multifunctional autophagy linker protein, and its expression could be suppressed by chloroquine
and dacarbazine. Inhibition of p62 could reduce the malignancy degree of 92.1-A.

Conclusions: As the carriers of human UM orthotopic and ectopic xenotransplantation, transgenic EGFP inbred
nude mice clearly display the characteristics of TME. In addition, the p62 protein optimized by the proteomics is the
key protein that increases the malignancy of 92.1 cells, which therefore provides a basis for further exploration of
target molecule therapy for refractory metastatic UM.

Keywords: Orthotopic and ectopic transplantation models of uveal melanoma, Transgenic EGFP nude mice,
Differential proteomics and bioinformatics analysis, p62 protein, Chloroquine, Dacarbazine
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[2-5]. In relation to target molecule therapies, the selec-
tion of key target molecules has attracted the attention of
many researchers. According to Gene Expression Omni-
bus (GEO) analysis results, Zhao DD [6] found that the
metastasis and prognosis of UM was correlated with the
PI3K/Akt signaling pathway. Liu R [7] maintained that
as the key link in regulating a tumor’s resistance to mul-
tiple drugs, it was a common pathway for many cancers,
and its inhibitors were not effective for all cancers, such
as UM. In the survival analysis using three independent
groups conducted by Choi S [8], it was discovered that the
NDUEFB9, NDUFV2, CYC1 and CTNNBI1 genes might
be prognostic factors for UM, but no target molecule
therapy research was conducted in that study. Moreover,
Wang F [9] established a prognostic analysis web server
(OSuvm) on the basis of data from TCGA and GEO data-
bases, which can help guide researchers and clinicians
to verify sensitive prognostic markers in UM in a quick
and convenient manner, but it has not yet been empiri-
cally tested. In the current study, EGFP inbred nude mice,
which spontaneously display a tumor microenvironment
(TME), were used as model animal carriers. The UM cell
line 92.1 was inoculated into the brain ventricle. The p62,
a multifunctional autophagy linker protein, was selected
from 5267 quantifiable differential proteomics databases
of UM (92.1-A) undergoing ectopic growth in the murine
brain and the original UM (92.1) cell line, as the core pro-
tein for causing the higher degree of malignancy observed
in 92.1-A in comparison to 92.1. In addition, p62 pro-
tein expression was inhibited by chloroquine combined
with dacarbazine, proving that inhibition of the p62 pro-
tein alleviated the malignancy degree of UM undergoing
ectopic growth, which is valuable for further research
regarding target molecule therapies for metastatic UM.

Methods

Cell culture

The 92.1 choroidal melanoma cell line was provided by
the Eye and Ear Research Institute of the University of
Pittsburgh Medical Center. 92.1 cell line was maintained
in 37 °C, 5%CO2 incubator in RPMI1640 (Corning, USA)
containing10% fetal bovine serum (FBS, Corning, USA).

Animals

Four-to-six-week-old male and female EGFP transgenic
nude mice at an average weight of 25 g were provided
by our group [10]. All the animals were bred and main-
tained in the Specific Pathogen Free Animal Care Facility,
Nasal1000 grade.

The animal protocol was in compliance with the
Guide for the Care and Use of Laboratory Animals by
the National Academy of Sciences and published by the
US National Institutes of Health and the Principles of
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Laboratory Animal Care formulated by the National
Society for Medical Research. The study was carried out
in compliance with the ARRIVE guidelines. The protocol
was approved by the Institutional Animal Care and Use
Committee at Suzhou Kowloon Hospital, Shanghai Jiao-
tong University School of Medicine.

Transplantation model of human uveal melanoma of brain
ventricle in nude mice

Five nude mice were used, as previously described [11],
after narcotizing the experimental mice, a mini-sized cra-
nial drill was used to drill a hole at the position 0.22 mm
posterior to the bregma and 1 mm left of the sagittal
suture under the guidance of the stereotactic apparatus.
Then, a microinjection needle was inserted into the hole
at the depth of 2.5 mm, Fifteen microliters of cell suspen-
sion (2 x 105 cells) was injected under the control of a
micropump in 10 min. The needle was then withdrawn
after being retained in the hole for 5 min. 3 to 4 weeks
later, 4 tumor-bearing mice were found. As required by
the experiment, the tumor-bearing mice were sacrificed
in due time, and the whole brains were taken out.

H & E staining

Mice were sacrificed, then eyeballs, orbits, brain, heart,
lung, and liver were also observed using the naked eye. Tis-
sues were fixed with 10% paraformaldehyde, the specimens
were embedded and sliced (5 pm). Staining was performed.

Immunofluorescence labeling

As previous reported [12], tumor tissues were fixed
with 4% phosphate-buffered paraformaldehyde, dehy-
drated with 20% sucrose solution, and cut into 30 pm
coronal sections with a cryostat. All the sections were
washed 3 times with PBS, 10 min each. The primary anti-
body HBM45 (1:100,Abcam UK) (diluted in 0.3% Triton
X-100/PBS) was applied overnight at 4 °C. The sections
were washed 3 times with PBS, 10 min each before the
second antibody was applied. Sections were exposed
to secondary antibody CY3(1:800,Beyotime China) at
room temperature. Finally, sections were mounted with
Vectashield medium (Vector laboratories) and cover-
slipped. Results were viewed using a confocal laser scan-
ning microscope (Lecai TCS SP2, German).

Monoclonal culture of 92.1-A cells

Fresh tumor tissues of one tumor-bearing mouse were
gently aspirated using a pipette and placed in 6-well
culture plates filled with 5 mL of 1640 culture medium.
The culture medium was replaced every 3 days. After
2 weeks, the cells were transferred to a culture flask, and
monoclonal subculture was repeatedly performed using
the limiting dilution method [13].
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Cell cycle detection using flow cytometer

As we reported previously [14]. After trypsin digestion,
cells in the logarithmic growth period was centrifuged at
1000 rpm for 5 min; the supernatant was discarded before
adding the medium; after being measured by counting
chamber, the solution was diluted into single cell suspen-
sion with 106 cells and then tiled in a 6-well plate. The
plate was placed in the 5% CO2 incubator at 37 °C for 24-h
of adherent growth. After incubation for 24 h, trypsin
digestion and centrifugation, the cells were washed by
PBS twice before addition of 70% ice ethanol and place-
ment at 4 °C overnight. Fixed cells were centrifuged and
washed by PBS again, followed by action by RNAaes at
37 °C for 1 h, addition of PI and staining at 4 °C for 1 h. At
last, cell cycle was detected by flow cytometer.

Detection of cell proliferation via CCK-8 assay

Both 92.1 and 92.1-A cells were cultured in RPMI1640
containing 10% fetal bovine serum and placed in a 5% CO2
incubator at 37 °C. The cells were washed 3 times with
PBS and trypsinized to cell suspension. Cell suspension
were inoculated to the 96-well plate (2000 cells/well) with
6 duplicate wells for each group; Every day, CCK-8 rea-
gent (Dojindo Chemical Technology Co., Ltd) was added
to each well protected from light, followed by culture in
the incubator for 2 h and detection of OD value at 450 nm
using the microplate reader. The cell survival rate was cal-
culated. SPSS 22 software was adopted to analyze the OD
value of two cell lines and GraphPad Prism 5 was used for
plotting to demonstrate the differences between groups.

In vitroinvasiveness test

Scratch assay as described in the following steps as we
reported [15]. Briefly, horizontal lines spaced approxi-
mately 0.5-1.0 cm apart were evenly marked across the
wells on the back of the 6well plates using a color pen.
At least 5 lines passed through each well. Approximately
5x 10 5 cells were injected into each well; The cells were
incubated in serum containing solution and transferred
to stem cell conditions 2 h later. The next day, a tip was
positioned with a ruler to ensure, to every possible
extent, that it was placed perpendicular to the horizon-
tal lines drawn on the back of each plate. The cells were
rinsed with PBS three times. The detached cells were dis-
carded and the remaining cells were cultured in media
containing serum. Samples were obtained and photo-
graphed 0, 24, and 48 h after incubation.

Transwell assay

Transwell invasion assay were conducted with a Corning
Inc. transwell chamber. Melted Matrigel was mixed with
serum-free medium in a 1:8 rate. the upper compartment
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was precoated with 100 pl of Matrigel. After the glue is
solidified, the remaining liquid in the plate was discarded,
200 p 1 of warm serum-free medium was added, and
retained at room temperature for 30 min after which the
remaining culture medium was removed. 1x 105 cells
suspended in 200 ul serum-free medium were seeded
in the upper compartment of the chamber and 500 pl
RPMI1640 with 10% FBS were added to the lower com-
partment of the chamber. The cells were incubated for
another 24 h. After that, the cells were fixed with 4% par-
aformaldehyde for 30 min and stained with 0.1% crystal
violet. The non-migrating cells in the upper chamber were
removed carefully using a cotton swab. The migrated cells
were cells on the lower surface were photographed with
microscope in five randomly selected visual fields and the
migrated cells were quantified using SPSS.

Key protein screening and protein interaction diagram
Protein chip making and differential proteins of 92.1-
Aand 92.1 cells were completed by Hangzhou Jingjie
Biotechnology Co., Ltd. The protein relationship was
analyzed by STRING 10.5. Proteins were imported into
string 10.55 protein database for analysis, and prelimi-
nary protein interaction diagrams were generated. The
results mentioned above were imported into Cytoscape
3.6.1 for further protein screening Finally, proteins of
which the up-regulation difference was less than 1.2-fold,
and the down-regulation difference was more than 0.83-
fold were deleted. The Gene Card gene library was used
to query the function of the related protein which may
induce 92.1 malignant progression.

p62 knockdown of 92.1-A

The cells in logarithmic growth phase were inoculated
into 6-well plates. The cells were transfected by Lipo-
fectamine 2000, when cells grown to about 60% conflu-
ence. The plasmid (Fig. 1 Applied Biological Materials
abm, Canada) was mixed with Lipofectamine 2000 at
room temperature for 15 min. Mixture was added to the
cells culture medium and cultured for 6 h after which
medium was changed to complete medium. After 24 h,
the plasmid can be used in the following experiments.

Over expression of p62 in 92.1 cells

92.1 cells were placed in a 6-well plate. After 24 h, when
cells grown to 40%- 60% confluence, the cells were infected
with lentiviral overexpressed of p62 (Applied Biological
Materials abm, Canada). 5 ng / pt 1 Polybrene was added to
improve the efficiency of virus infection.6 h later, cell culture
medium was changed completely, and the transfection effi-
ciency was observed under fluorescence microscope. After
2448 h, the cells were collected for protein extraction.
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WCaQ -2A-Puro

pLenti-U6-sgRNAI-]SI::V-CaSQ-ZA-Puro
8k

Ampicillin’ FLTR

Fig. 1 Plasmid diagram, Three sgRNA targets were designed,
which were constructed into pLenti-U6-sgRNA-SFFV-Cas9-2A-Puro
respectively

Western blot

As previously described [14], cells from each group were
collected and placed in a 1.5 mL EP tube, followed by addi-
tion of appropriate amount of lysate for completely lysis
and ultrasonic testing in the ice bath sing ultrasonic pro-
cessor; after centrifugation at 2000 rpm for 15 min at 4 °C,
the supernatant was extracted and stored at — 20 °C for fur-
ther use. The oncentration of proteins extracted above was
quantified sing BCA Protein Quantification Kit; 5 x load-
ing buffer as added to the sample, followed by boiling at
100 °C or 5 min to denature the proteins. After process-
ing by DS-PAGE, the proteins were transferred to the NC
embrane using protein transfer device and then locked by
5% skimmed milk powder for 1 h. After addition of p62
antibodies (Abcam UK) and incubation vernight at 4 °C,
the proteins were washed by BST three times before 1 h
of fluorescent secondary ntibody incubation and another
three times of TBST ashing; Western Blot imaging software
Odyssey nalyzer was used to detect and produce images.

Human uveal melanoma subcutaneous transplantation
model in nude mice

Both 92.1 and 92.1-A cells in logarithmic growth phase
were inoculated to 36 nude mice totally at the concen-
tration of 1x 106 cells/animal. After two weeks, when
the tumor grew to the extent that vernier caliper could
be used for measuring, the animals were divided into A)
control group; B) chloroquine (CQ) treatment group; C)
dacarbazine (DTIC) treatment group; and D) CQ+DTIC
treatment group. Both drugs were intraperitoneally
injected. The dosage of chloroquine was 50 mg / kg, intra-
peritoneal injection every day; dacarbazine was 50 mg /
kg, o intraperitoneal injection every three days. The drug
treatment lasted for three weeks. The body weight and
tumor size of modeled mice were measured every 3 days.
At the end of the experiment, as previously described,
mice were anesthetized and sacrificed. The tumor tissue
was removed and weighed in the aseptic condition. Par-
affin section and immunohistochemical staining were
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conducted to analyze the traditional pathological and
molecular pathological features of xenografts.

Immunohistochemical staining

Immunohistochemical staining was performed for the par-
affin sections of the transplanted tumor tissue according
to the antibody instructions. The steps were as follows in
briefly: 1) add in goat serum to block heterogenetic antigens
after PBS hydration and endogenous peroxidase blocking
with 0.3% hydrogen peroxide; 2) add in the detection p62
antibody (1: 500, Cell Signaling Technology); 3) incubate
them overnight at 4 °C; 4) add in the corresponding biotin-
labeled second antibodies for 1 h (Vectastain elite ABC kit)
and followed by three 5-min washes with PBS. The sec-
tions were incubated with Vectastain elite ABC reagent
for 30 min and followed by three 5-minwashes with PBS;
and 5) seal the sections with neutral resins after DAB color
development and hematoxylin counterstaining.

GEPIA survival analysis

The GEPIA database (http://gepia.cancer-pku.cn/) was used
to conduct survival analyses.The browser searched http://
gepia.cancer-pku.cn/index.html, selected the Survival Plots,
and typed SQSTML1 in the data box below the Gene. Then
we selected Overall Survival in the “Methods” Next selected
Quartile as the Group Cutoff value, that is, those higher
than 75% are high expression Group, those lower than 25%
are low expression Group; Selected Yes for HR and 95%
confidence interval, and monthly in “Axis Units”; Selected
Uveal melanoma (UVM) in “Datasets’, Then click “Add” and
click Plot to generate the survival graph of SQSTMI.

Statistical analysis

The experiment was duplicated at least 3 times. Graph-
Pad Prism 5 software was used for imaging analysis; one-
way ANOVA and Student’s t-test were employed for data
statistical processing, where the data were represented by
mean =+ standard deviation (X +SD). P <0.05 was defined
as statistical significance.

Results

1-A was more malignant than 92.1

The 92.1 UM cell line was derived from the human orbit
and established by Waard-Siebinga ID et al. [16] in 1995.
In order to study whether the biological characteristics of
ectopic (ventricular) growth (simulated metastasis) were
more malignant, the 92.1 cell suspension was inoculated
into the brain ventricle of EGFP transgenic nude mice[17],
and the solid tumor model of intraventricular metastasis
was successfully established (Fig. 2). The results revealed
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symmetrically in both hemispheres in a butterfly shape

Fig. 2 92.1-A transplantation tumor of brain ventricle in EGFP nude mice
cistern and sulci. B Fluorescent tracing showed that red UM cells (HBM45 positive cells) spread widely to the nearby and distant green host
tissues, while there were sporadic green host choroid plexus tissues in the tumor mass. C HE staining showed tumors mass of UM cells distributed

! bt

(scale 100 pm). A Black UM cells spread widely into the dorsalis/ventral

that when 92.1 was inoculated into the brain, it spread
widely into the subarachnoid space. Moreover cancer cells
infiltrated in the choroidal plexus and along the white
matter, forming a butterfly-like tumor, similar to highly
malignant glioblastoma multiforme, and spread further
as showed by fluorescence-traced cancer cells. These
results indicated that transplanted tumor of ectopic (ven-
tricular) growth was highly malignant. Furthermore, the

ventricular metastatic tumors were cultured in vitro, and
the tumor cell line 92.1-A was obtained after strict mono-
clonal re-culturing (Figs. 3 and 4). In addition to provid-
ing pure and comparable cell samples for subsequent
proteome detection, CCK8 was additionally employed to
compare the in vitro amplification abilities of the 92.1 and
92.1-A cells. It was found that 92.1-A had a significantly
stronger amplification ability than 92.1 (Fig. 5). Moreover,

white light microscope (lower left)

Fig. 3 Primary culture of ectopic xenografts of 92.1(scale 50 um). The red 92.1 cells (HBM45 positive cells) were colonized and expanded on the
green choroidal plexus (upper left). Under the phase contrast microscope, the green cells with pseudopodia extension were the host cells, and
the cells with many granules and dark color were 92.1 cells, among which the small round cells with abundant granules were spheroids under the
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Fig. 4 Monoclonal culture of 92.1-A cells from transplanted tumor tissue. 92.1-A cells were cultured by the limited dilution method. The cells
divided once every 24 h from 2 to 4d, and the division was accelerated obviously from 5 to 7 d., After 7 days, the cells grew to 80% density and
needed to be passaged
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Fig.5 Cell proliferation and cell cycle: The cell proliferation curve indicated that, from the fourth day, the proliferation rate of 92.1-A was
significantly faster than that of 92.1 (a). According to the data of cell cycle detection (c),the percentage of S phase and G2-M phase cells in 92.1-A
was significantly higher than that in 92.1(P<0.05), which indicated that 92.1-a cell division was vigorous (b)
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the invasion abilities of the two cell lines in vitro were
compared using a wound healing assay and a Transwell
assay (Fig. 6), which showed that the invasion abilities of
92.1-A were remarkably stronger than that of 92.1.

Databases of 92.1-A and 92.1 differentially expressed
proteins were established based on proteomics

Hangzhou PTM Biotechnology Co., Ltd. was entrusted
to detect the quality of monoclonal cells 92.1-A and
92.1, and the differential expression protein databases
were established. In brief, the proteins were extracted,
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trypsinized, labeled by Tandem Mass Tags (TMT), clas-
sified by high performance liquid chromatography and
analyzed via liquid chromatography-mass spectrometry
tandem, followed by analysis via database searches and
bioinformatics analysis. There were 6081 identifiable
proteins obtained, of which 5267 were quantifiable. With
1.2 times given as the change threshold and p<0.05 fol-
lowing ¢-test as the standard requirements, 335 proteins
were up-regulated and 302 proteins were down-regulated
in the 92.1-A compared to 92.1 group, among all quan-
tified proteins. Subsequently, the functions of differen-
tially expressed proteins were classified using commonly

" 924 '92.1-A

C  Z1mw; C12h d 1505
2 0 - g P
£
1 11"
£ 33

Fig. 6 Invasiveness tests of cancer cells in vitro. Scratch assay (a) and Transwell test (b) showed that 92.1-A had stronger migration and invasion
ability. ¢ and d The statistical graphs of A and B respectively, ** P<0.01,*** P<0.001

92'.1 92.1-A
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applied bioinformatics software GO and KEGG [18-20],
and GO enrichment and KEGG pathway analysis were
carried out.

The key protein increased the malignant progression

of 92.1-A

Although the above-mentioned 637 differentially
expressed proteins were obtained via statistical
processing, and all of them had certain biological
significance(s), most of the changes may occur with
the molecular event (i.e., the malignant progression)
of 92.1, therefore there was a need to select and high-
light the responsible proteins. Hence, these data were
initially imported into the STRING 10.55 protein
database in order to generate an interaction network.
Using Cytoscape3.6.1 for further screening, among
the 23 proteins finally selected, Sequestosome 1
(SQSTM1, p62) was one of the most widely associated
proteins with the other 22 proteins in the network dia-
gram (Fig. 7), therefore it was tentatively designated as
the key protein causing the higher malignancy degree
observed in 92.1-A when compared to 92.1. This was
further verified below.

The regulatory abilities of key proteins were verifiedin
vitro

Firstly, western blotting detection results indicated that
the p62 protein expression in 92.1-A was higher than
that in 92.1 (p=0.023), which was consistent with the

Fig. 7 Visual contact diagram of the target protein and the other
22 proteins in the UM inflammatory microenvironment. According
to the connection line, P62(SQSTM1) has the most extensive

relationship with other proteins
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protein array results (Fig. 8). The expression of p62 was
knocked down in 92.1-A and it was discovered that the
cell proliferation, wound healing and invasion abilities of
92.1-A were all decreased due to the decline in p62 pro-
tein expression (Fig. 9). On the contrary, after 92.1 cells
had been infected with lentivirus overexpressing p62,
the increased expression of p62 protein enhanced the
cell proliferation, wound healing and invasion abilities
(Fig. 10).

Chloroquine and dacarbazine inhibited p62 protein
expression in transplanted tumors

During in vivo experiments, the p62 inhibitor chloro-
quine was used to control the proliferation of trans-
planted tumors, and the expression levels of the p62
protein were observed, using dacarbazine, a tradi-
tional medicine for treating melanoma, as a control.
With the blank control (Group A, n=4), chloroquine
(Group B, n=4), dacarbazine (Group C, n=4) and
chloroquine + dacarbazine group (Group D, n=4),
the statistical analysis of tumor masses and p62 pro-
tein expression showed that: (1) 92.1-A showed lower
tumor masses than 92.1, which may be as a result of the
higher expression levels of p62 in the 92.1-A cells. (2)
Compared with Group A (blank control), treatment in
Group C (dacarbazine) inhibited tumor amplification,
which is consistent with the clinical findings. Moreo-
ver, the effect in Group D (chloroquine + dacarbazine)

92.1 92.1-A
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1
92.1 92.1-A

Fig. 8 Expression of p62. A The expression of p62 in 92.1-A cells was
significantly higher than that in 92.1 cells; B Statistical result of A. *
P<0.05
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Fig.9 Cell biological changes after p62 expression knockdown (a): Among the three plasmids with different targets, the expression of p62
decreased most obviously Interfered by si-P62#2. b Compared to the control group, p62 knockdown can significantly reduce the proliferation rate
of 92.1-A; ¢ Scratch assay showed p62 knockdown can reduce the migration ability of 92.1-A cells, statistically significant; d Statistical result of (c). *
P<0.05; e Transwell assay showed p62 knockdown can reduce the invasion ability of 92.1-A cells, statistically significant; f Statistical result of (e). *
P<0.01

was better than those observed in any of the other  Significance of p62
groups, however, the exact mechanism needs to be SQSTMI was input into the GEPIA database [21], and
further analyzed (Fig. 11). then the whole survival, quartile, and UVM were selected
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Fig. 10 Cell biological changes after overexpression of p62. a p62 expression was increased after p62 overexpression in 92.1 cells; b Overexpression
of p62 enhanced the proliferation ability of 92.1 cells; ¢ Overexpression of p62 enhanced the migration ability of 92.1 cells; e Statistical result of (c).
**P<0.01; d Overexpression of p62 enhanced the invasion ability of 92.1 cells; f Statistical result of (d). * P<0.05
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successively. The results highlighted that high expression = Discussion
of SQSTM1 was a high-risk factor for the lowest survival ~ Patient with uveal melanoma is inevitably ultimately to
rate of UM patients (Fig. 12). death, due to its metastasis, mainly to the liver. In relation
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GEPIA database indicated that patients with high p62 expression
have a shorter survival time. * P<0.05

to the treatment of UM metastasis, Mariani P [22], in
2012, advocated to resect metastatic foci, which was put
forward on the premise of a lack of effective target mol-
ecule therapies, and in fact it is still a palliative therapy.
The 2015 UK UM guidelines [23] and the 2020 Irish and
German UM guidelines [24] contained no target thera-
pies, and there are no FDA-approved UM target mol-
ecule therapeutic drugs in the USA, indicating that this
research has not officially been carried out clinically any-
where in the world. The reason for this is that although
UM is clinically and biologically different from cutane-
ous melanoma (CM), most of the treatment options for
advanced stage UM can refer to CM. In comparison,
UM has a much lower efficacy rate and a much higher
treatment-related toxicity than CM [25, 26]. Additionally,
there are many high-quality guidelines for CM nursing,
which promote clinical and diagnostic norms in a stand-
ardized manner [27, 28]. Despites this, there are few UM
research articles and a lack of large-scale randomized
controlled trials, which makes it difficult to prove the
clinical effectiveness of interventions and create a solid
foundation for evidence-based treatment decision-mak-
ing. Another obstacle is that nursing of UM patients is
highly interdisciplinary, involves ophthalmology, tumor,
interventional radiotherapy and transferred organs, all
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of which require high-level guidelines suitable for multi-
disciplinary management, but presently no guidelines are
available [29].

In the context of above-mentioned difficulties, although
BRAF and mitogen-activated protein kinase (MEK) inhibi-
tors have proved to contribute remarkably to the survival
of CM patients, as per the meta-analysis by Theresa S [30],
MEK inhibitors exerted no effect on UM. Fortunately,
Truong A [31] reported that chloroquine was sensitive to
MEK1/2 inhibition of GNAQ/11 mutant CM, which was
also effective for the murine model of metastatic UM. They
confirmed that the target molecule was GNAQ/11 mutant,
which led to cancer cell death by inhibiting autophagy
or lysosomal function. Although it was p62, and not the
GNAQ/11 mutant, that was reported in this study, the two
should be consistent as both of them involved autophagy
or lysosome actions. From another point of view, the key
target molecule for regulating UM metastasis may be found
through high-throughput bioinformatics analysis. Crabb
JW [32] established the differential expression databases of
three clinical specimens of UM primary and metastatic foci
with proteomics five years ago. Among the 28 proteins that
were significantly upregulated and 30 proteins that were
significantly downregulated, the fatty acid binding protein
(FABP3) increased most remarkably. Unfortunately, the
protein p62 reported upon in the present study was not
included in these down or upregulated proteins.

P62 is a multifunctional protein produced by stress and
acts on autophagy, it is also related to the occurrence and
development of diverse diseases. Reports related to the
target molecules of cancer metastasis include P62 is a New
Tumor Target for Osteolytic Metastasis [33], Overexpres-
sion of P62 Can Induce Autophagy by Promoting ERK
Signaling Pathway to Promote Proliferation, Migration
and Invasion of Nasopharyngeal Carcinoma Cells [34],
P62 Promotes Prostate Cancer Metastasis by Maintaining
HDACS6 Level, Inhibiting Autophagy Flux and Promoting
Epithelial-Mesenchymal Transition [35], P62 Can Promote
the Growth and Metastasis of Skin Tumors and Can be
Induced by Ultraviolet Radiation [36], and P62 Promotes
CM Progression by Inhibiting the Decay of A Group of
Selective Transfer-Promoting Factor mRNA [37]. As such,
p62, as a new tumor target for the malignant progression
of UM, can be effectively suppressed by combination treat-
ment using chloroquine and dacarbazine, which has not
been reported on before. However, the data reported in
this study only comes from the database of differential pro-
tein expressions between 92.1 and 92.1-A which are not
fully representative enough. As it was pointed out by Jager
M]J [38], it is necessary to strive from the current diagnosis
and treatment to achieve the final goal, that is, to develop
a treatment method that can protect eyesight, effectively
treat metastasis, and ultimately save lives.
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Conclusions

As the carriers of human UM orthotopic and ectopic
xenotransplantation, transgenic EGFP inbred nude mice
clearly display the characteristics of TME. The brain
TME increased the malignant progression of tumor cells.
In addition, the p62 protein optimized by the proteomics
is the key protein that increases the malignancy of 92.1
cells, and the p62 inhibitor chloroquine could inhibit the
proliferation of transplanted tumors, which therefore
provides a basis for further exploration of target mol-
ecule therapy for refractory metastatic UM.
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