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Abstract
Background: Due to high potency and low toxicity, des�urane has been wildly used during surgery. Recent
evidence that the use of des�urane was associated with colorectal cancer (CRC) tumor metastasis and
poor prognosis raising concerns about the safety of des�urane. However, the mechanism was uncovered.

Methods: CRC cells were exposed to des�urane, the changes in morphology and epithelial-mesenchymal
transition (EMT)-related genes were evaluated. Transwell assay was used to study the migration and
invasion effect. Xenograft was performed to study the tumor formation ability of des�urane-treated cells
in vivo. Dual luciferase reporter assay was conducted to verify the target of miR-34a. Knockdown or
overexpression of LOXL3 was used to investigate the mechanism of des�urane-induced EMT. The
association of LOXL3 with CRC molecular subtypes and clinical relevance was studied by analysis of
public datasets.

Results: Exposure to des�urane induced EMT, migration, and invasion in CRC cells. Mice injected with
des�urane-treated cells formed more tumors in the lungs. Downregulation of miR-34a and upregulation
of LOXL3 were required for des�urane-induced EMT in CRC cells. LOXL3 was a direct target of miR-34a.
Overexpression of LOXL3 rescued miR-34a-repressed EMT after exposure to des�urane. Elevated
expression of LOXL3 was enriched in CMS4 and CRIS-B subtypes. Patients with high expression of
LOXL3 showed more lymph node metastasis, as well as poor survival.

Conclusion: Des�urane induced EMT and metastasis in CRC through deregulation of miR-34a/LOXL3
axis. Clinical miR-34a mimic or inhibitor targeting LOXL3 might have a potential protective role when CRC
patients anesthetized by des�urane.

Background
CRC is the third most common cancer but the second most common cause of cancer-related death 1.
Despite the big efforts in prevention, diagnosis, and treatment in the past decades, more than 1.8 million
patients were diagnosed and 900, 000 individuals die in 2018 2. The leading cause of CRC death is
metastasis. While surgery remains the most useful treatment for CRC, about 30% to 50% of patients
suffered from cancer recurrence 3, which was considered due to the aggressive feature. However, recent
reporters showed the surgery procedure, including anesthesia, could also accelerate the dissemination of
cancer cells 4,5. Iwasaki et al. studied the effect of three volatile anesthetics on human ovarian carcinoma
and found all the anesthetics increased cell migration with 70 metastatic genes alteration6. Another study
demonstrated that the use of des�urane for colon cancer surgery was associated with tumor metastasis
and poor survival 7. However, the mechanism underly des�urane associated metastasis in CRC has not
been uncovered, although the des�urane has been wildly using8,9.

Metastasis is a multi-step process, in which EMT is considered the �rst cascade that makes cancer cells
spread from the primary site to other organs, such as liver and lung 10,11. It has been shown that several
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transcription factors (EF-TFs) including SNAIL and ZEB1 directly drive EMT in cancer cells 12. During EMT,
cancer cells in the primary site lose cell-cell adhesion and break through the basement membrane, later
enter and exit the bloodstream through intravasation and extravasation, respectively 13. subsequently, the
cancer cell settles down and forms micrometastases 10,12.  Besides those EMT-TFs, other pro-tumor or
anti-tumor genes regulates EMT by acting as upstream or downstream of the EMT-TFs. Among those
anti-tumor genes, a well-known tumor-suppressor is miR-34a induced by p53 14.

LOXL3 is one of the members of the LOX family composed of LOX, LOXL1, LOXL2, LOXL3, and LOXL4.
Cellular LOXL3 is localized at the cytoplasm 15. LOXL3 could interact with SNAIL, one of the most
important EMT-TFs, thus repressed E-cadherin (CDH1) expression 16. Moreover, LOXL3 was induced by
TGF-β, which is an important signaling for EMT induction 17. In a large cohort containing 597 primary
gastric tumor cases, Kasashima et al. found that elevated expression of LOXL3 was positively correlated
with tumor invasion, lymph node metastasis, and poor survival of patients 18.

Methods
Cell culture

DLD-1 and HT29 cell lines were obtained from the ATCC. Both cell lines were maintained in McCoy's 5A
medium. The cells were propagated at 37 °C at 90% air humidity and with 5% CO2.

Gas Exposure

Cells were placed in a special chamber with a volume of 2 L. the experimental gas was a mixture
consisting of 21% oxygen, 5% carbon dioxide and 2% iso�urane, 3.6% sevo�urane or 10.3% des�urane.
Nitrogen was used for balancing. The gas mixture was delivered to the gas chamber at a rate of 1.5
L/min until the expected concentration of des�urane was achieved. Subsequently, the chamber was
placed in a cell culture incubation for a different duration. The concentration of des�urane in the chamber
was monitored by an aesthetic analyzer.

RNA extraction, reverse transcription, and qPCR

Total RNA from cells from isolated with QIAGEN RNeasy Mini Kit (Cat No./ID: 74104) according to the
manufacturer’s instruction. cDNA was synthesized from 1 μg of total RNA each sample using anchored
oligo(dT) primers (Verso cDNA Synthesis Kit, # AB1453B, Thermo Scienti�c). qPCR was performed by
using the Fast SYBR Green Master Mix (Applied Biosystems). The primers for qPCR were listed in
Supplementary Table 1.

Metastasis formation in NOD/SCID mice

5*106 DLD-1 cells with Luc2 gene were dissolved in 200 µl of sterile PBS and injected into 8-week old
male immuno-compromised NOD/SCID mice through the tail vein. Anesthetized mice were injected
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intraperitoneal with D-luciferin (150 mg/kg) and imaged 10 minutes after injection using the IVIS Illumina
System (Caliper Life Sciences). The acquisition time was 1 minute. Mice were sacri�ced and lungs were
taken out, subsequently were stained with hematoxylin/eosin. The micro-metastasizes were counted.

Migration and invasion assays

Transwell bought from Corning was used to evaluate the ability of cell migration and invasion. For
invasion assay, the inserts were coated with Matrigel. Cells were cultured in 6 well plates, the full culture
medium was replaced with the serum-free medium one day before harvesting. Cells were harvested and
the number was counted, subsequently, 100 ul of starved cells at a density of 5*106/ml were added to the
inserts, with 650 ul medium at the bottom served as an attractant. After 36 hours, the non-migrated or
non-invasive cells were removed carefully and subjected to staining with 0.1% of crystal violet (diluted
with PBS). The migrated or invasive cells were counted with microscopy.

Western blot

Cells were lysed with RIPA buffer (150 mM sodium chloride, 1.0% NP-40 or Triton X-100, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate, 50 mM Tris, pH 8.0) and subjected to sonication, followed by
centrifugation at full speed at 4 ℃ for 20 min. BCA kit (#23225, Thermo Fisher Scienti�c) was used to
measure the concentration of protein strictly according to the instruction. a total of 40 ug protein was
loading in 7.5-12% SDS-PASE to separate, after which the protein was transferred to PVDF membrane.
After blocked with 5% milk powder (diluted with TBST), the membrane was incubated with primary
antibodies overnight. The next day, membranes were washed three times with TBST and subsequently
incubated with secondary anti-mouse or anti-rabbit antibodies. The exposure was performed with the
iBright CL1500 Imaging System (Thermo Fisher Scienti�c). Antibodies used for western blot were list in
Supplementary Table 2.

Transfection

Cells were seeded in 6-well plates at a density of 1x106 cells/ml one day before transfection. Cells were
transfected with pcDNA or siRNA (siRNA LOXL3, #109785; siRNA control, # 4390843, Thermo Fisher
Scienti�c) by using 15 μl Lipofectamine 2000 (Invitrogen) in 500 μl Opti-Mem I Medium (Gibco, Invitrogen-
Life Technologies). After transfection, cells were incubated for 24 hours before refreshing the medium.

Cloning of wild type and mutated 3’-UTR of LOXL3

The 3′-UTR of human LOXL3 was ampli�ed by PCR with the Verso cDNA kit (Thermo Scienti�c) and
subsequently inserted to pGL3-control-MCS plasmid, which was further veri�ed by sequencing. Mutation
of the 3’-UTR of LOXL3 in the miR-34a binding site was generated by the QuikChange Mutagenesis Kit
according to the manufacturer’s instructions (Stratagene).

Dual reporter assays
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DLD-1 cells were seeded in 24-well plate at the density of 1*104 cells/well one day before transfection. 20
ng of the indicated �re�y luciferase reporter plasmid was transfected by Lipofectamine 2000 (Invitrogen),
5 ng of Renilla reporter plasmid used as a normalized control. In addition, 5 nM of miR-34a or a negative
control oligonucleotide was transfected into DLD-1 cells. After incubation for 48 hours, the luciferase
activity was measured by a Dual Luciferase Reporter assay kit (Promega) strictly according to the
manufacturer’s instruction.

Bioinformatic analysis

The RNA expression data from colorectal adenocarcinoma (COAD) patient samples was obtained from
https://portal.gdc.cancer.gov/. pre-ranked Gene Set Enrichment Analysis (GSEA) was performed using the
GSEA software (http://software.broadinstitute.org/gsea/index.jsp). Hallmark gene sets for GSEA were
obtained from the Molecular Signatures Database (Broad Institute). GSE17536 and GSE37892 were
obtained from the Gene Expression Omnibus (GEO) repository.

Statistical analysis

The Graph Prism version 8.0 software (https://www.graphpad.com/scienti�c-software/prism/) was used
to generate statistical data. A Student´s t-test (unpaired, two-tailed) was used to determine signi�cant
differences between two groups of samples, while a 1-way analysis of variance followed by a Tukey
multiple comparisons post-hoc test was performed for the comparison of multiple groups, A Pearson´s
correlation was applied for correlation analyses. P-values < 0.05 were considered as signi�cant (*: p <
0.05; **: p < 0.01; ***: p < 0.001).

Study approval

The animal protocols were approved by Baoji Central Hospital. All procedures involving human tumor
biopsies were performed with the approval of the ethics committee of the Baoji Central Hospital.

Results
Des�urane induced EMT, migration, and invasion in CRC

To evaluate the potential effect of des�urane on CRC metastasis, the epithelial-like CRC cell line DLD-1
and HT29 were exposed to gas mixture constituting 21% oxygen, 5% carbon dioxide and 10.3%
des�urane (an equal 1.7 minimum alveolar concentrations (MAC) in human of des�urane anesthetic
concentrations) for 2 hours, followed by normal cell culture condition. After 48 hours, the morphology of
both cell lines had changed to spindle-like, which is a typical characterization of EMT (Figure 1A). To
further con�rm and �gure out whether this effect is time-dependent or independent, DLD-1 cells were
exposed to des�urane for 0.5h, 2h, and 3h, respectively, and the EMT marker genes were quanti�ed by
qPCR. Mesenchymal markers SNAIL, ZEB1, and VIM were upregulated, while the epithelial marker CDH1
(coding E-cadherin) was decreased (Figure 1B). Interestingly, these changes were not found when cells

https://portal.gdc.cancer.gov/
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exposed to des�urane for 0.5 hours. In addition, no signi�cant difference in the EMT marker between the
2-hour-treated group and the 3-hour-treated group. Besides the mRNA level, the protein level of SNAIL,
ZEB1 and VIM were increased, accompanied by a decrease of E-cadherin. Therefore, exposure to
des�urane induced EMT in CRC cells in a time-independent manner (Figure 1C).

Since EMT initiates the spreading of tumor cells from the primary site to other organs via the
bloodstream or lymphatic system, we asked whether des�urane affected the migration and invasion in
CRC cells. Indeed, treatment with des�urane accelerated the closures in the scratch assay (Figure 1D).
Moreover, transwell assay containing with or without matrigel showed that des�urane increased the
ability of migration and invasion in DLD-1 cells (Figure 1E-F). To further con�rm the EMT induction by
des�urane, DLD-1 cells with or without treatment of des�urane were injected into mice through the tail
vein. After 8 weeks, the mouse was sacri�ced and the lung metastasis was analyzed by HE staining.
Compared with the control group, the mouse injected with des�urane-treated formed more tumors in the
lungs (Figure 1G-H). Therefore, des�urane-induced EMT was con�rmed in vivo.

Downregulation of miR-34a was required for des�urane-induced EMT

Despite the EMT transcriptional factors such as SNAIL and ZEB1 which directly drive cells from epithelial
to mesenchymal, miRNAs have been shown a critical role in the regulation of EMT or MET
(mesenchymal-epithelial transition, a reverse biological process of EMT ) 19,20. To address whether
miRNAs were involved in des�urane-induced EMT, we examined the expression changes of miRNAs after
treatment with des�urane for 2 hours. According to literature, a panel of miRNAs with pro-metastasis or
anti-metastasis ability were analyzed 21,22. Among those miRNAs, miR-34a was the only one that
dramatically decreased after treatment with des�urane, while other miRNAs showed no signi�cant
changes, suggesting that miR-34a was a potential mediator in des�urane-induced EMT (Figure 2A). As
expected, restoration of miR-34a by a miR-34a mimic prevented the migration and invasion induced by
des�urane (Figure 2B). Furthermore, the changes in EMT-markers induced by des�urane were also
neutralized by the ectopic expression of miR-34a (Figure 2C-D). Antagomir mediated downregulation of
miR-34a in a mesenchymal-like CRC cell line SW620, which has a higher level of endogenous miR-34a,
reversed the changes in EMT markers altered by des�urane (Figure 2E). Moreover, antagomir miR-34a
prevented the induction in cell invasion induced by des�urane (Figure 2F). Taken together, des�urane
induced EMT through downregulation of miR-34a in CRC cells.

LOXL3 is a direct target of miR-34a

miR-34a is a tumor suppressor microRNA and exhibits anti-tumor function by repressing its downstream
targets that contribute to cancer progression. To �gure out which targets of miR-34a were involved in
des�urane-induced EMT in CRC, we �rst analyzed the correlation between all the putative targets of miR-
34a and EMT markers based on data from The Cancer Genome Atlas (TCGA). According to the
correlation, several genes were picked up and further analyzed. Before experimental validation of the
putative targets of miR-34a, we checked the effects of those genes in des�urane-induced cell migration
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and invasion by using siRNAs. siRNA-mediated downregulation of LOXL3 dramatically prevented the
increased migration and invasion capacity of DLD-1 cells induced by des�urane (data not shown).
Therefore, we focused on LOXL3.

The seed-matching sequence in 3’-UTR of LOXL3 for miR-34a is conserved in human, mouse and other
species, implying the evolutional importance of miR-34a/ LOXL3 axis (Figure 3A). Analysis of the TCGA
database, which contains 461 primary CRC samples, showed mRNA expression of LOXL3 was inversely
correlated with miR-34a (Figure 3B). In addition, ectopic expression of miR-34a mimics resulted in the
downregulation of LOXL3 at both mRNA and protein levels (Figure 3C-E). Furthermore, reporter constructs
containing the 3’-UTR of LOXL3 including the seed-matching sequence were repressed by co-transfection
of miR-34a mimic, but not when the seed-matching sequence was mutated, demonstrating that LOXL3
was a direct target of miR-34a (Figure 3F).

LOXOL3 induced EMT, migration, and invasion in CRC cells

Gene Sets Enrichment Analysis (GSEA) showed LOXL3 expression from TCGA was highly enriched in the
EMT gene signature, which was further validated by another two cohorts (Figure 4A). In further, LOXL3
was positively associated with EMT-TFs, while negatively associated with epithelial related genes, such
as CDH1 and TJP1 (also known as ZO-1; Figure 4B). Ectopic expression of LOXL3 in DLD-1 cells induced
SNAIL, ZEB1, VIM, and repressed E-cadherin (Figure 4C). Moreover, overexpression of LOXL3 increased
cell capacity of migration and invasion (Figure 4D). siRNA-mediated knockdown of LOX3 in a
mesenchymal-like cell line SW480 (with high expression of SNAIL/ZEB1/VIM, and high migration and
invasion capacity) downregulated EMT marker genes and inhibited cell migration and invasion (Figure
4E). Therefore, LOXL3 itself has the ability to induce EMT, migration, and invasion in CRC.

Deregulation of miR-34/LOXL3 axis contribute to des�urane-induced EMT

Next, we addressed whether miRNA-34a/LOXL3 was involved in des�urane-induced EMT. As expected,
LOXL3 was upregulated after des�urane treatment, while it was repressed by ectopic expression of miR-
34a (Figure 5A). Furthermore, the siRNA-mediated knockdown of LOXL3 protected cells from des�urane-
induced EMT, migration, and invasion (Figure 5B-C). Overexpression of LOXL3 lacking miR-34a binding
site rescued the decrease of EMT, migration, and invasion induced by ectopic miR-34a expression after
exposure to des�urane (Figure 5D-E). Taken together, the disorder of the miR-34a/LOXL3 axis contributed
to the EMT, migration, and invasion induced by exposure of des�urane.

The clinical relevance of LOXO3

Since EMT is required for cancer metastasis which is the leading cause of cancer-related death, we
wondered whether miR-34a/LOXL3 axis was clinical relevance. As miR-34a is a powerful tumor
suppressor in CRC and had been well studied previously 23-25, here we investigated the role of LOXL3 in
CRC clinical outcomes and features. Recently, the molecular subtypes of CRC base on gene expression
have been proposed, which correlate gene expression with tumor behavior. Consensus molecular
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subtypes (CMS) of CRC represents one of the robust subtypes classi�cations and have been wildly
accepted. Therefore, we �rst performed an analysis of the correlation between LOXL3 and molecular
subtypes in CRC. Analysis of primary tumors from TCGA and another two datasets showed higher
expression of LOXL3 were enriched in the CMS4 subtype (Figure 6A), which was characterized by EMT
gene signature and poor survival. Since the CMS classi�cation is base-on gene expression of primary
tumor samples, the samples might be contaminated by stromal cells. Besides the patients with higher
expression of LOXL3 in the whole tumors have poor survival, we also wanted to �gure out that the
features of tumor cells with a higher level of LOXL3. Therefore, we used another molecular subtype
classi�cation which bases on patient’s derived xenografts (PDX), and the contaminated mRNA from
mouse stromal cells had been �ltered, thus the classi�cation was based on cancer cell-intrinsic gene
expression. Among the �ve CRC intrinsic subtypes (CRISA-B), LOX3L was enriched in the CRIS-B subtype,
which was also characterized by EMT and poor prognosis (Figure 6B).

As both CMS and CRIS classi�cation showed LOXL3 was strongly associated with EMT and poor
survival, we next analyzed the association of LOXL3 with CRC patients' survival. Analysis of the TCGA
database showed patients with a higher mRNA level of LOXL3 had poor survival (Figure 6C). Furthermore,
increased expression of LOXL3 was associated with CRC patients' lymph node metastasis (Figure 6D),
and the expression level of LOXL3 was positively associated with the degree of lymph node metastasis
(Figure 6E).

Discussion
The FDA-approved indications for des�urane are induction or maintenance of anesthesia in adults 8. In
recent years, des�urane has been wildly used in surgical procedures and replaced other general
anesthetics such as iso�urane and sevo�urane to be the �rst choice due to its apparent advances
including strong potency and low toxicity 7,26. Evidence that the use of des�urane in surgery for CRC was
associated with tumor metastasis and poor prognosis raising concerns in clinical use 6,7. Here, we
showed that exposure of CRC cells to des�urane induced EMT, migration, and invasion, as evidenced by
changes in morphology and EMT markers. Interestingly, exposure to des�urane a short time had no effect
on DLD-1 cells. Furthermore, xenograft con�rmed that the induction of EMT by des�urane is true in vivo.

miRNA is a small non-coding RNA molecule (containing about 21-25 nucleotides) found in plants,
animals and some viruses 27. It regulates gene expression by target gene with the seed-matching
sequence, results in the degradation of target genes 27,28. It has been estimated that more than 60% of
human protein-coding genes are regulated by miRNAs 28. Each miRNA has hundreds of potential target
genes, leading to complicated and contradictory effects 29. miR-34a is a member of miR-34 family and
was �rst identi�ed as a downstream of the tumor suppressor gene p53 30. Since the relationship with
p53, it has attracted a lot of investigators to focus on its anti-tumor function 19,20,23,24,31. So far, it has
been clear that miR-34a exhibits tumor-suppressive function in CRC by targeting multiple genes, such as
IL6, MYC, CD44, and c-Kit 32-35. Many types of cancer initiation and progression were accompanied by the



Page 9/19

downregulation of miR-34a 36,37. Here, the downregulation of miR-34a was found again when treatment
with des�urane, suggesting that a clinical miR-34a mimic might have a potential protective role in
antagonizing the effect of des�urane during surgery for CRC.

Despite miR-34a, the induction of EMT by des�urane was accompanied by the upregulation of SNAIL and
LOXL3. The previous study showed LOXL3 physically interacts and cooperates with SNAIL to
downregulate E-cadherin expression, which is a critical marker for epithelial cells 16. Since SNAIL
represses the expression of miR-34a by directly binding to its promoter 38, it is presumed that the
downregulation of miR-34a was further strengthened by the interaction of LOXL3 and SNAIL. As a
consequence of this positive feedback loop, the des�urane-induced EMT was further enhanced.

Conclusion
LOXL3 represents a novel potential target for CRC treatment. A clinical miR-34a mimic or inhibitor
targeting LOXL3 might have a potential protective role when CRC patients anesthetized by des�urane.
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Table 1 qPCR primers
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gene forward (5’-3’) reverse (5’-3’)

β-actin TGACATTAAGGAGAAGCTGTGCTAC GAGTTGAAGGTAGTTTCGTGGATG

VIM TACAGGAAGCTGCTGGAAGG ACCAGAGGGAGTGAATCCAG

CDH1 CCCGGGACAACGTTTATTAC GCTGGCTCAAGTCAAAGTCC

pri-miR-34a CGTCACCTCTTAGGCTTGGA CATTGGTGTCGTTGTGCT

SNAIL GCACATCCGAAGCCACAC GGAGAAGGTCCGAGCACAC

ZEB1 TCAAAAGGAAGTCAATGGACAA GTGCAGGAGGGACCTCTTTA

 
 

 

Table 2 antibodies

epitope species catalog no. company dilution source
Vimentin human #5741 Cell Signaling 1:1000 rabbit
ZEB1 human 3396 Cell Signaling 1:1000 rabbit
E-cadherin human #14472 Cell Signaling 1:1000 mouse
α-tubulin human #3873 Cell Signaling 1:1000 mouse
SNAIL human # 3879 Cell Signaling 1:1000 rabbit

Figures
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Figure 1

Exposure to des�urane induced EMT, migration, and invasion in CRC cells. A, DLD-1 and HT29 cells were
exposed to des�urane for 3 hours, followed by normal incubation conditions for 48 hours. And the
morphology was captured by a phase-contrast microscope. Scale bar: 100 µm B, C, qPCR (B) and western
analysis (C) of indicated mRNA or proteins after DLD-1 cells were exposed to des�urane for 0.5, 2, 3
hours respectively. D, Scratch assay of DLD-1 cells. After 24 hours, the area of “wound” was measured
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and analyzed. Scale bar: 100 µm E, F, transwell with or without Matrigel were used to study the migration
(E) and invasion (F) capacity of DLD-1 cells after treatment with des�urane for 2 hours. Scale bar: 100
µm G, Representative examples of bioluminescence imaging 8 weeks after the injection of pre-treated
DLD-1 cells in. H, Representative pictures of H&E staining of lung metastasis (left). the number of micro-
metastasizes was counted (right). Scale bar: 500 µm In B, D, E, F, and H mean values ± SD (n = 3) are
provided. *P < 0.05; **P < 0.01; *** P < 0.001; **** P < 0.0001.

Figure 2
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Downregulation of miR-34a was required for des�urane-induced EMT A, a panel of miRNAs was
measured after DLD-1 cells exposed to des�urane for 2 hours. B, DLD-1 cells exposed to des�urane for 2
hours, and subsequently were transfected with miR-34a mimic, followed by 48 hours incubation. Cells
were subjected to transwell with Matrigel. Scale bar: 100 µm C, D, Cells were treated as described above,
the indicated mRNA (C) or proteins (D) were analyzed by qPCR or western blot, respectively. E, after DLD-1
cell exposed to des�urane for 2 hours, antagomir miR-34a were transfected with lipofectamine 2000,
followed by 48 hours incubation. Subsequently, cells were harvested and subjected to qPCR analysis. F,
DLD-1 cells were treated as same as �gure 2E. Transwell assay was performed to study the capacity of
invasion. In A, B, C, E, and F mean values ± SD (n = 3) are provided. *P < 0.05; **P < 0.01; *** P < 0.001.

Figure 3

LOXL3 is a direct target of miR-34a A, Schematic representation of the LOXL3 wild type or mutated 3’-UTR
indicating seed-matching sequences and miR-34 seed sequences. The black vertical bars indicate
possible base pairing. B, The correlation of LOXL3 mRNA and mature miR-34a from the TCGA database.
C, DLD-1 cells were transfected with control mimic or miR-34a mimic, the mRNA of LOXL3 were analyzed
by qPCR. D, E, DLD-1 or HT29 cells were transfected with control mimic or miR-34a mimic, the protein of
LOXL3 was measured by western blot. F, Dual luciferase reporter assay in DLD-1 cells 48 h after
transfection with control mimic or miR-34a mimic and the empty pGL3 vector or pGL3 harboring the
indicated 3’-UTR-reporter constructs. A 3’-UTR reporter of the known miR-34a target AXL served as a
positive control. In C and F mean values ± SD (n = 3) are provided. *P < 0.05; **P < 0.01; *** P < 0.001.
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Figure 4

LOXL3 induced EMT, migration, and invasion A, mRNA of LOXL3 from TCGA, GSE17536, and GSE37892
were pre-ranked according to the correlation coe�cient with the other genes, and subsequently performed
the Gene Set Enrichment Analysis (GSEA). B, Heatmap showing the correlation coe�cient between LOXL3
and known EMT transcription factors. C, Western blot analysis of indicated proteins after DLD-1 cells
were transfected with indicated vectors for 72 hours. D, After DLD-1 cells were transfected with indicated
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vectors for 24 hours, cells were subjected to transwell with or without Matrigel to study the capacity of
migration and invasion. E, Western blot analysis of indicated proteins after SW620 cells were transfected
with siRNA control or siRNA LOXL3 for 72 hours. F, After SW620 cells were transfected with siRNA control
or siRNA LOXL3 for 24 hours, cells were subjected to transwell with or without Matrigel to study the
capacity of migration and invasion. In D and F mean values ± SD (n = 3) are provided. *P < 0.05; **P <
0.01; *** P < 0.001.

Figure 5

Deregulation of miR-34a/LOXL3 was involved in des�urane-induced EMT A, After DLD-1 cells were
treated with or without des�urane 2 hours, cells were transfected with or without control mimic or miR-
34a mimic, followed by incubated for 48 hours or 72 hours, cells were harvested and subjected to qPCR
and western analysis. B, DLD-1 cells were transfected with siRNA LOXL3 after exposure to des�urane, the
indicated mRNA were analyzed by qPCR. C, DLD-1 cells were treated with des�urane for 2 hours and
subsequently transfected with siRNA LOXL3 for 24 hours. Then the cells were subjected to migration and
invasion assay. D, E, Cells were transfected with miR-34 mimic after exposure to des�urane, 12 hours
after transfection, pcDNA-LOXL3 lacking miR-34a binding site in the 3’-UTR was transfected into cells.
Subsequently, cells were subjected to qPCR (D) and transwell assay (E), respectively. In A, B ,C, D and E
mean values ± SD (n = 3) are provided. *P < 0.05; **P < 0.01.
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Figure 6

The clinical relevance of LOXL3 A, B, Analysis of LOXL3 mRNA from TCGA, GSE17536, and GSE 37892
belonging to the indicated consensus molecular subtypes (CMS) or CRC intrinsic subtypes (CRIS). C,
Association of LOXL3 mRNA expression with overall survival in the TCGA COAD dataset. D, E, Association
of LOXL3 mRNA expression with the status of lymph node metastasis. In A, B, D and E mean values ± SD
(n = 3) are provided. *P < 0.05; **P < 0.01; *** P < 0.001; **** P < 0.0001.


