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Abstract

Background & Aims: Hepatocellular carcinoma (HCC) is an aggressive cancer with a poor
clinical outcome. Understanding the mechanisms that drive tumor initiation is important for
improving treatment strategy. This study aimed to identify functional cell membrane proteins
that promote HCC tumor initiation.

Approach & Results: Tailor-made siRNA library screening was performed for all membrane
protein-encoding genes that are upregulated in human HCC (n=134), with sphere formation as
surrogate readout for tumor initiation. Upon confirmation on membranous localization by
immunofluorescence and tumor initiation ability by limiting dilution assay in vivo, LanC-like
protein-1 (LANCL1) was selected for further characterization. LANCL1 suppressed
intracellular reactive oxygen species (ROS) and promoted tumorigenicity both in vitro and in
vivo. Mechanistically, with mass spectrometry, FAM49B was identified as a downstream
binding partner of LANCL1. LANCLI stabilized FAM49B by blocking the interaction of
FAMA49B with the specific E3 ubiquitin ligase TRIM21, thus protecting FAM49B from
ubiquitin-proteasome degradation. LANCL1-FAM49B axis suppressed the Rac1-NADPH
oxidase (NOX)-driven ROS production but this suppression of ROS was independent of the
GSH transferase function of LANCLI1. Clinically, HCCs with high co-expression of LANCLI1
and FAM49B were associated with more advanced tumor stage, poorer overall survival and
disease-free survival. In addition, anti-LANCL1 antibodies targeting the extracellular
N-terminal domain were able to suppress the self-renewal ability as demonstrated by the sphere

formation ability of HCC cells.
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Conclusions: Our data showed that LANCLI is a cell-surface protein and a key contributor to
HCC initiation. Targeting the LANCL1-FAM49B-Rac1-NOX-ROS signaling axis may be a
promising therapeutic strategy for HCC.

Hepatocellular carcinoma (HCC) is a prevalent malignancy worldwide. Although surgical
resection and liver transplantation offer a potential cure, most HCCs are diagnosed at advanced
stages and thus inoperable. Even if operated, the tumor recurrence rate is high. HCC is
notoriously resistant to conventional chemotherapy, hence treatments for advanced HCC are
limited. Tumor initiation is crucial in both hepatocarcinogenesis and tumor recurrence by
residual tumor cell population after treatment. Understanding the mechanisms that drive tumor

initiation is important for improving treatment strategy (1).

Cell surface proteins are top-ranking candidates for targeted therapy development due to the
ease of targeting. Targeting specific cell surface functional proteins that trigger specific cell
signaling pathways in tumor initiation will offer a promising option in therapy. So far, several
cell surface proteins that promote liver tumor initiation have been identified. These include
CD13(2), CD24(3), CD47(4), CD90(5), CD133(6), and EpCAM(7). However, we and others
have demonstrated the limitations of some of these proteins in translational applications. For
instance, some of them have low expression in terms of either a very low percentage of positive
cells in a tumor or very few patients’ samples showing detectable expression (such as CD90)(8),
implicating a lesser role of the protein in HCC initiation in certain cohort of patients. Also,
some surface proteins are detectable not only in HCC tumors but also at high levels in
non-tumorous liver tissues. Targeting these proteins may cause a non-specific cytotoxic effect

on the surrounding non-tumorous liver tissues. There is an urgent need to identify new,



137ZIMANZ[DBpX ZOBBAROATDIAEIDYIHSALLIAIPOOALSIEAHION/ADA

UMY TXOMADUOINXYOHISABZIY 101+ NIOITWNOIZTABNHASSHNAYE AQ day/woo mm| sfeulnoly/:dny woly pspeojumoq

€202/.2/0T uo

functional cell surface proteins that are responsible for driving liver tumor initiation. This study

aimed to identify functional cell membrane proteins that promote HCC tumor initiation.
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Experimental Procedures

Cell lines and culture

Human HCC cell line PLC/PRF/5 and human embryonic kidney cell line HEK-293FT were
obtained from American Type Culture Collection (ATCC) and cultured in Dulbecco's Modified
Eagle Medium-high glucose (DMEM-HG) (Gibco, USA) supplemented with 10% (v/v) fetal
bovine serum (FBS) (Gibco, USA) and 1x (50 unit/ml) penicillin-streptomycin cocktail (P/S)
(Gibco, USA). Metastatic human HCC cell line MHCC-97L was obtained from Prof. Z.Y. Tang
at Fudan University, Shanghai, and cultured in DMEM-HG with 10% FBS, 1x P/S, and 1 mM
sodium pyruvate (NaPy). MHCC-97L cells were authenticated to have no contamination (see
STR results in Supp. Fig. 1, http://links.lww.com/HEP/H887). All cells were sustained in a
humidified incubator at 37°C with 5% COz. Confluent cells on the culture plate were passaged

routinely by trypsinization using TrypLE™ Express Enzyme (Gibco, USA).

siRNA library screening for sphere formation

We used the Dharmacon Cherry-pick ON-Targetplus custom-made siRNA library for functional
screening. Each candidate gene was targeted by a mixture of 4 siRNAs (SMARTpool format)
of known siRNA sequences. The siRNA from the library was prepared according to
manufacturer’s instructions. Before transfecting the siRNA, PLC/PRF/5 and MHCC-97L cells
were seeded in a 96-well plate at 2,500 and 5,000 cells per well, respectively, overnight. To
transfect the cells, lipofectamine2000 transfection mixture with the siRNA was incubated at
room temperature for 15-20 min according to manufacturer’s instruction before addition to the
wells with the seeded cells. Upon 48 hours after transfecting the siRNAs, the cells were

trypsinized by TrypLE™ Express Enzyme (Gibco, USA) for sphere formation assays.
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Detailed experimental procedures for experiments in this study, including the lists of oligos for
cloning shRNA constructs (Supp. Table 1, http://links.lww.com/HEP/H887), LANCLI
truncated mutants (Supp. Table 2, http://links.lww.com/HEP/H887), LANCL1 GSH-binding
defective mutants (Supp. Table 3, http://links.lww.com/HEP/H887), LANCL1 mutants with
Flag-tag (Supp. Table 4, http://links.Iww.com/HEP/H887), LANCL1 mutants with deletion or
mutations in 100™-150™ aa region (Supp. Table 5, http://links.lww.com/HEP/H887),
shRNA-resistant mutants of the indicated genes (Supp. Table 6,
http://links.lww.com/HEP/H887), real-time quantitative PCR (qPCR) primer sequences (Supp.
Table 7, http://links.lww.com/HEP/H887) and primary antibodies used (Supp. Table 8,

http://links.lww.com/HEP/H887), are provided in the Supplementary Material.

Results

Discovery of LANCL1 as a potential cell surface protein responsible for liver tumor
initiation.

We first compiled a comprehensive gene list based on the cluster of differentiation family genes
(defined by HUGO Nomenclature Committee) and the Gene Ontology term “intrinsic
component of plasma membrane” (GO:0031226). The list comprised all annotated genes
related to cellular membranes. We then derived the differential expression data from both
TCGA (50 pairs of tumor [T]/non-tumorous liver [NTL]) and our in-house (41 T/NTL pairs)
RNA-sequencing (RNA-seq) datasets. With a false discovery rate <0.05, a list of 134 genes
with expression of log2(T/NTL) >1 was identified as membrane-related genes upregulated in

HCC than corresponding NTLs (Supp. Table 9, http://links.lww.com/HEP/H887).
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We further interrogated the shortlisted genes using a customized siRNA library for functional
screening (please refer to the details described in the Materials and Methods) (Fig. 1A). Upon
siRNA transfection in two HCC cell lines, PLC/PRF/5 and MHCC-97L (both are
HBV-integrated HCC cells with spheroid-forming capability), we subjected the cells to sphere
formation assay. With a criterion of >2-fold suppression of sphere formation by the siRNA as
compared to the non-target control (NTC) in both cell lines in > 3 of 5 trials, we identified 19
candidates (Supp. Table 9, http://links.lww.com/HEP/H887). Knockdown (KD) efficiency was
validated by real-time quantitative PCR (qPCR) We chose candidates that were not well
characterized in HCC (Supp. Table 10) and further validated the result with stable KD of the
gene candidates (Supp. Fig. 2A-2B, http://links.lww.com/HEP/H887). By examining for any
membrane staining pattern in immunofluorescence (IF) for the Flag-tagged candidate proteins,
we identified four targets having a membranous pattern (Supp. Fig. 2C-2H,
http://links.lww.com/HEP/H&87). Finally, supported by the suppressive effects of KD on
tumor-initiating ability in vivo in male NOD-SCID mice (Supp. Fig. 21,
http://links.lww.com/HEP/H887), Lanthionine synthase C-like protein 1 (LANCL1) was
considered to be a promising target for further functional characterization. The whole screening

process is summarized in Fig. 1A.

LANCLI1 is an integral membrane protein.

The transmembranous regions on the cell membrane of the LANCL1 protein has not been well
reported and this information has implications for therapeutic targeting. Here, we investigated
the orientation of LANCLI in the cell membrane by expressing both N-terminal and C-terminal

Flag-tagged LANCLI1 (Fig. 1B) in PLC/PRF/5 cells and examining them with IF using
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anti-Flag antibody with or without cell membrane permeabilization by triton X-100 (Fig.
1B-1C). N-terminal Flag-tagged LANCL1 was detectable irrespective of the use of membrane
permeabilization, indicating its extracellular localization (Fig. 1C). In contrast, C-terminal
Flag-tagged LANCL1 was only detectable upon membrane permeabilization, indicating its
intracellular localization (Fig. 1C). To delineate the exact structural location of LANCL1
protein transmembrane region, we expressed the various LANCLI1 proteins with insertion of
Flag-tag at different positions (Fig. 1B) in PLC/PRF/5 cells for immunofluorescence (IF), with
or without cell membrane permeabilization (Fig. 1C). Like the N-terminal Flag-tagged protein,
LANCL1 with Flag-tag inserted at the 50th and 100th aa-position showed membrane
localization irrespective of membrane permeabilization (Fig. 1C). On the contrary, like the
C-terminal Flag-tagged protein, those Flag-tags inserted at the 150th and 200th aa-positions
were detected only upon membrane permeabilization, indicating that the localization of

transmembrane region is between 100th and 150th aa-positions.

In addition, the membranous pattern of LANCL1 localization in parental PLC/PRF/5 cells was
confirmed using antibody targeting the N-terminal region of the endogenous LANCL1 protein
by IF on unpermeabilized cells (Fig. 1D). Furthermore, overexpression of wild-type (WT)
LANCLT in HCC cells led to a marked increase of cell surface LANCLI protein as detected

with flow cytometry (Fig. 1E), while stable KD showed the reverse effect (Fig. 1F).

After verifying LANCLI as a transmembrane cell-surface protein, we further looked into the
amino acid sequence between 100" and 150th aa to identify the exact transmembranous region

of LANCLI by corresponding experimental assays in HCC cells. In the Uniprot database, there
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is prediction of a-helices for 111%-123™ aa, 127"-138" aa, and 139™-143" aa. We therefore
created respective deletion mutants of LANCLI for the a-helices 111%-123™ aa and 127%-143
aa, as well as the surrounding regions for 1015-110" aa and 144™-150" aa (Supp. Fig. 3A,
http://links.lww.com/HEP/H887). On the other hand, there was report of conserved aa
sequences of GXXG for LANCL1 protein across multiple species of organisms(9). These
included the GDAG for 109"-112" aa of human LANCLI1, and we questioned whether this
specific sequence also played a role in the membrane localization of LANCL1 protein. We
created a mutant with the two glycine (G) residues at 109™ and 112" aa positions mutated into
alanine (A) (G109A G112A mutant) (Supp. Fig. 3A, http://links.lww.com/HEP/H887). All these
mutants were Flag-tagged at N-terminus and overexpressed in PLC/PRF/S cells (Supp. Fig. 3B,
http://links.Iww.com/HEP/H887). Interestingly, upon permeabilization of the PLC/PRF/5 cells,
all the mutants, except the 101°-110™ aa-deleted and the G109A G112A mutants, showed
membranous localization pattern as detected with IF using anti-Flag antibodies that target the
extracellular N-terminal Flag tag (Supp. Fig. 3C, upper panel, http://links.lww.com/HEP/H887).
The two exceptional mutants showed a diffuse cytoplasmic distribution. For the
unpermeabilized cells, all the mutants, except the 1015-110" aa-deleted and the G109A G112A
mutants and the WT LANCL1 with C-terminal intracellular Flag tag, showed membranous
localization pattern (Supp. Fig. 3C, lower panel, http://links.lww.com/HEP/H887). These
indicate that the two exceptional mutants failed to localize at the cell membrane to expose the
N-terminal Flag tag extracellularly, implicating 101%-110™ aa region as the key transmembrane

domain to allow LANCLI protein membrane localization.

LANCL1 promotes tumor initiation properties.
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To validate the functional roles of LANCLI in exerting tumor initiation properties, including
sphere formation, in vivo tumorigenicity and chemoresistance, we established the
LANCL1-KD and LANCLI1-rescue (LANCL1-KD cells overexpressing LANCLI1 variant
which is not targetable by shRNA but has the same amino-acid sequence as WT-LANCLI
protein) HCC cells (Fig. 2A) (List of shRNA-resistant sequences of the mutants in Supp. Table
11, http://links.lww.com/HEP/H887). LANCL1 KD significantly reduced sphere-forming
ability, whereas LANCL 1-rescue reversed the inhibitory effects (Fig. 2B). To evaluate the
tumor initiation and self-renewal ability of cells to generate a complete tumor in
immunodeficient mice(10), we performed limiting dilution tumorigenicity assay using
subcutaneous xenograft model(3, 11). LANCL1 KD suppressed the tumorigenicity and
significantly reduced the frequency of tumor initiating cells (TICs), whereas LANCL1-rescue
reversed the inhibitory effects (Fig. 2C-2D and Supp. Fig. 4A-4B,
http://links.Ilww.com/HEP/H&87). As three-dimensional organoid formation is contributed by
liver progenitor cells or liver TICs(12, 13), we employed HCC organoids and observed that
stable LANCL1-KD (Supp. Fig. 4C, http://links.lww.com/HEP/H887) significantly suppressed

the organoid-forming ability (Supp. Fig. 4D, http://links.lww.com/HEP/H887).

As chemoresistance is another key feature in tumor initiation process, we investigated the
effects of LANCL1-KD in sensitizing HCC cells to chemotherapy drugs, cisplatin and
S5-fluorouracil (5-FU). LANCL1-KD sensitized HCC cells (Supp. Fig. 4E-4F,
http://links.lww.com/HEP/H887) to these two drugs with significantly increased apoptosis.
Furthermore, LANCLI1-KD reduced the expression of various stemness-related gene (CD24,

Nanog, Oct4, and Sox2) (Supp. Fig. 4G-4H, http://links.lww.com/HEP/H887).
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LANCLI1 suppresses reactive oxygen species (ROS) in HCC.

We next investigated whether LANCLI suppressed intracellular ROS to promote sphere
formation and tumorigenicity. We found that LANCL1-KD in PLC/PRF/5 and MHCC-97L
increased the ROS levels in both spheroids and xenograft tumors, whereas LANCL 1-rescue
reversed the results (Fig. 3A-3B and Supp. Fig. SA-5B, http://links.Iww.com/HEP/H887). We
subjected the control, LANCL1-KD, and LANCL1-rescued PLC/PRF/S cells to RNA-seq and
gene set enrichment analysis (GSEA) (Supp. Fig. 5C-5D, http://links.lww.com/HEP/H887).
ROS-responsive gene set (Hallmark Reactive Oxygen Species Pathways) showed significant
enrichment and upregulation in the LANCL1-KD group, as compared with the control and
corresponding LANCL1-rescue groups (Supp. Fig. SC-5E, http://links.lww.com/HEP/H887),
respectively. Taken together, these data showed a consistent negative correlation between

LANCLI1 expression and ROS levels together with ROS-responsive gene expression.

Previously we reported that antioxidants, N-acetylcysteine (NAC) and glutathione (GSH),
significantly suppressed ROS levels in HCC cells and xenografts(14). Here, we found that
these exogenous antioxidants rescued the sphere formation that was suppressed by
LANCLI1-KD (Fig. 3C), but without altering the LANCL1 protein expression (Supp. Fig. 6A,
http://links.lww.com/HEP/H887). Interestingly, both these two antioxidants suppressed the
ROS levels upregulated by LANCL1-KD in HCC spheroid cells (Fig. 3C and Supp. Fig. 6B,
http://links.lww.com/HEP/H887). Furthermore, the ROS increase induced by an oxidizing
agent, tert-Butyl hydroperoxide (TBHP), was abrogated by NAC and GSH (Supp. Fig. 6C-6D,

http://links.lww.com/HEP/H887). Of note, antioxidants also restored tumorigenicity which was
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suppressed by LANCL1-KD in both PLC/PRF/5 and MHCC-97L (Fig. 3D), and abrogated
ROS level increase induced by LANCL1-KD in xenografts as compared with that of NTC (Fig.

3E and Supp. Fig. 6E, http://links.lww.com/HEP/H887).

The suppression of ROS by LANCLI1 is independent of its binding to GSH.

LANCLI1 is a glutathione-S-transferase and binds to reduced GSH before transferring it to
conjugate to the other xenobiotic substrate(15). As GSH can quench ROS to prevent oxidative
stress(16), we investigated whether the suppressive effects on ROS levels by LANCL1 were
dependent on its GSH-binding ability. We constructed LANCL1 mutants defective in
GSH-binding by mutating the amino acid residues K317A, C322A and R364A, which were
reported to be involved in GSH-binding(17). We made use of the P2A-tag system for tagging
the rescued LANCL1 WT or mutant proteins with C-terminal P2A tag and simultaneous
expression of blasticidin resistance gene to permit selection of successful stable clone cells. As
P2A tag is not naturally found in animal cells, the re-expressed proteins can be distinguished
from the endogenous LANCLI proteins and successful expression of the corresponding
P2A-tagged proteins can be verified by the detection of P2A tag. Mutation of either single
residue K317A or all three residues sufficiently abolished GSH-binding ability of LANCLI, as
demonstrated by pull-down assays using GSH-conjugated beads (Fig. 4A). Interestingly, both
GSH-binding-defective mutants and WT-LANCL1 restored sphere formation originally
suppressed upon LANCL1-KD (Fig. 4B), indicating that GSH-binding activity of LANCLI is
dispensable for sphere formation. In addition, similar to LANCL1 WT, GSH-binding-defective

mutants blocked ROS increase in HCC spheroid cells (Fig. 4C-4D).
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FAMA49B is a top functional downstream binding partner of LANCL1 to suppress ROS
and promote tumor initiation.

To investigate mechanisms by which LANCLI1 suppressed ROS to promote tumor initiation,
we performed RNA-seq on LANCL1-KD and rescue stable clones, with NTC for comparison.
Excluding LANCLI itself, there were no protein-coding genes altered by >2 folds between
LANCL1-KD and NTC cells (Supp. Fig. 7A-7B, http://links.lww.com/HEP/H887), suggesting
a lack of specific transcriptionally regulated targets downstream of LANCLI in HCC. We then
used the proteomic approach to look for co-immunoprecipitated binding partners of
Flag-tagged LANCLI pulled down by anti-Flag antibody in PLC/PRF/5 lysate and this
revealed specific bands in the silver-stained image (Supp. Fig. 7C,
http://links.Iww.com/HEP/H887). On the other hand, by mass spectrometry, 20 potential targets
were identified (Fig. SA, upper panel). As LANCL1 is a membrane protein without nuclear
expression, those targets with only nuclear expression (based on Human Protein Atlas database)
were excluded, leaving 13 potential targets. Among the top hits, FAM49B, ADSL, ALDH16A1
and HSD17B10 were reported to be associated with ROS biology(18-21). Of note, FAM49B
has been reported to suppress ROS generation in pancreatic ductal adenocarcinoma(21) and
exert an oncogenic function in breast cancer(22). Functional screening by stable KD approach
for all these potential targets in PLC/PRF/S revealed that only FAM49B promoted sphere
formation of HCC cells (Supp. Fig. 7D-7E, http://links.lww.com/HEP/H887). Moreover,
FAM49B-KD increased ROS levels in HCC cells (Supp. Fig. 7F-7G,
http://links.Iww.com/HEP/H887), in line with the functional effects of LANCLI1. Further, we
confirmed with co-immunoprecipitation (Co-IP) the physical binding between FAM49B and

LANCLI1 (Fig. SA, lower panel).
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We further delineated the relationship between LANCL1 and FAM49B by overexpressing
FAM49B in LANCL1-KD cells and LANCL1 in FAM49B-KD cells. Stable FAM49B
overexpression restored the sphere formation of LANCL1-KD cells and abrogated ROS
increase induced by LANCL1-KD in PLC/PRF/5 spheroid cells (Fig. 5B and Supp. Fig. 7H,
http://links.lww.com/HEP/H887). Similarly, it restored tumor initiation (Fig. SC and Supp. Fig.
71) and suppressed back the ROS increase in the xenograft tumor cells (Fig. SC and Supp. Fig.
71, http://links.lww.com/HEP/H887). However, LANCLI1 overexpression in FAM49B-KD cells
failed to restore sphere formation (Supp. Fig. 8A, http://links.lww.com/HEP/H887) and
abrogate the FAM49B-KD-induced ROS increase (Supp. Fig. 8B,
http://links.lww.com/HEP/H887), indicating FAM49B is the key downstream binding partner to

drive LANCL1-induced ROS reduction and functional effects.

LANCL1-FAM49B axis suppresses Racl/NOX-driven intracellular ROS.

FAMA49B inhibits the activation of Rac1, a small GTP-binding GTPase(23). Rac1 activation
promotes ROS production by NADPH oxidases (NOXs)(24). Therefore, we asked whether
upregulation of the LANCL1-FAM49B axis would suppress Racl activation to reduce ROS.
Indeed, either LANCLI1-KD or FAM49B-KD upregulated the level of activated Racl protein
that specifically bound to PAK-PBD beads in Rac1-GTP pull-down assays (Fig. SD and Supp.
Fig. 8C, http://links.lww.com/HEP/H887), and this enhancement was abolished upon FAM49B

overexpression in LANCL1-KD cells (Fig. 5D).

Next, we used Rac1 inhibitor (NSC23766) and NOX inhibitor (VAS2870), respectively, to



1971ZIMNZ[DBPXZOBBAROATIAEIOYIHSALLIAIPOOALIEAHIOI/ADA

UMV TXOMADUOINX FOHISABZIUT0+erNIOITWNOIZTABNHJRSHNQUE Aq dau/woo mm|sfeulnolj/:dny woly papeojumoq

€202/.2/0T uo

verify the involvement of Rac1-NOX signaling in LANCL1-FAM49B axis-driven suppression
of ROS. We found that both inhibitors abolish the LANCL1-KD- or FAM49B-KD-induced
ROS increase (Fig. SE and Supp. Fig. 8D, http://links.Iww.com/HEP/H887). Interestingly,
Racl inhibitor but not NOX inhibitor abolished the Rac1-GTP level increase driven by
LANCL1-KD or FAM49B-KD (Supp. Fig. 8E, http://links.lww.com/HEP/H887), indicating
that NOX inhibition cannot suppress Racl activation, and Racl-driven NOX is likely the final
downstream effector suppressed by LANCL1-FAM49B signaling to inhibit ROS production.
Therefore, we further determined NOX activity by measuring NADP+/NADPH ratio upon
LANCL1-KD or FAM49B-KD in HCC cells. We found that both LANCL1-KD and
FAM49B-KD increased NADP+/NADPH ratio, which was reverted by NSC23766 and
VAS2870 treatment (Fig. 5F). All these suggest LANCL1-FAM49B axis reduces oxidative

stress by suppressing Rac1-NOX signaling in HCC.

LANCLI1 stabilizes FAM49B protein by blocking TRIM21-driven FAM49B ubiquitination
and proteasomal degradation.

LANCLI1 KD reduced FAM49B protein level (Supp. Fig. 9A upper panel,
http://links.lww.com/HEP/H887). This reduction was not due to reduction in FAM49B mRNA
(Supp. Fig. 9A lower panel, http://links.Iww.com/HEP/H887), as it was abolished by
LANCLI1-rescue and proteasome inhibitor MG132. We further interrogated FAM49B protein
stability at serial time-points upon protein synthesis blockade with cycloheximide (CHX). We
found that LANCL1-KD with 2 independent shRNAs reduced FAM49B protein stability as
compared to NTC, with shortened degradation half-life, and this was reversed by

LANCLI1-rescue (Fig. 6A left panel and Supp. Fig. 9B, http://links.lww.com/HEP/H887).
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Furthermore, the reduced protein stability was due to enhanced ubiquitination of FAM49B

protein upon LANCL1-KD and this was abolished after LANCL]1-rescue (Fig. 6A right panel).

LANCLI1 is not a ubiquitin enzyme (E1, E2, E3) and hence likely engages specific ubiquitin
enzymes to participate in ubiquitination of FAM49B protein. By scrutinizing our LANCLI
interactome mass spectrometry data, we noted two potential LANCL1-binding proteins
(TRIM21 and PSME23) as ubiquitination regulator(25, 26). Further functional screening
revealed KD of TRIM21, but not PSMES3, led to increased sphere formation and reduced ROS
in HCC spheroid cells (Fig. 6B-6C and Supp. Fig. 9C). Surprisingly, with Co-IP, we found that
TRIM21 interacted not only with LANCL1 but also FAM49B protein in HCC cells (Fig. 6D).
TRIM21-KD increased both LANCL1 and FAM49B protein amounts while TRIM21
overexpression showed the opposite results; interestingly, the changes in the amounts of the
two proteins upon TRIM21 manipulation were abolished by MG132 (Supp. Fig. 9D,
http://links.Iww.com/HEP/H887). In fact, MG132 increased the basal levels of both LANCLI1
and FAMA49B proteins (Supp. Fig. 9D, http://links.lww.com/HEP/H887), and the enhancing
effect of MG132 on FAM49B protein level was more pronounced when endogenous FAM49B
protein level was low in the LANCL1-KD background (Supp. Fig. 9A,
http://links.Iww.com/HEP/H887). This prompted us to further discover that TRIM21-KD
decreased LANCL1 and FAM49B degradation half-life upon protein synthesis inhibition by
CHX (Fig. 6E left panel and Supp. Fig. 9E, http://links.Iww.com/HEP/H887), while TRIM21
overexpression reversed the results (Supp. Fig. 9F-9G, http://links.lww.com/HEP/H887). By
detecting ubiquitination in immunoprecipitated LANCL1 and FAM49B proteins, we found that

TRIM21-KD and overexpression reduced and increased ubiquitination, respectively, of both
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proteins (Fig. 6E right panel and Supp. Fig. 9H, http://links.lww.com/HEP/H887), indicating
that both LANCL1 and FAM49B are protein substrates for ubiquitination by TRIM21. Next,
we investigated the binding between FAM49B and TRIM21 upon LANCL1-KD and
LANCL1-rescue by Co-IP, in which protein degradation blockade by MG132 ensured equal
amounts of FAM49B and TRIM21 protein input for fair comparison. We found enhanced
TRIM21/FAM49B mutual binding upon LANCL1-KD and this was abolished when LANCLI
was rescued (Fig. 6F). These data indicate that TRIM21 participates in

LANCL1-FAM49B-axis-mediated ROS regulation and functionality.

LANCL1 abrogates the inhibitory effects of TRIM21 on tumor initiation properties.
LANCL1 and FAM49B protein reduction by TRIM21 overexpression in PLC/PRF/S cells was
reversed by LANCL1 overexpression (Fig. 7A). LANCL1 upregulation restored
sphere-forming ability and ROS downregulation, which were suppressed by TRIM21
overexpression (Fig. 7B and Supp. Fig. 10A, http://links.lww.com/HEP/H887). Similarly,
TRIM21 upregulation suppressed tumorigenicity in vivo and increased ROS in xenograft tumor
cells, both of which were abolished by LANCLI overexpression (Fig. 7C-7D and Supp. Fig.

10B-10C, http://links.Iww.com/HEP/H887).

The intracellular C-terminal region of LANCLI1 is critical in promoting sphere formation.
LANCLI is a membrane protein with an intracellular C-terminal domain. As we demonstrated ,
LANCLI engaged two cytosolic proteins FAM49B and TRIM21 and inhibited their interaction.
Therefore, we investigated if LANCL1 C-terminal domain was functionally responsible for

such interaction. We overexpressed LANCL1 proteins with progressive C-terminal truncation
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(LANCL1 A201-399 and LANCL1 A301-399) in LANCL1-KD cells (Fig. 7E, top left panel)
and subjected the cells to sphere formation and ROS assays. Overexpression of LANCL1 WT
but not the C-terminal-truncated mutants reversed the suppressed sphere formation (Fig. 7E,
top right and lower left panels) and ROS increase (Fig. 7E lower right panel and Supp. Fig.
10D, http://links.Iww.com/HEP/H887) that were induced upon LANCL1-KD. Moreover,
immunoprecipitation assays showed that C-terminal-truncated LANCL1 mutants failed to bind
to FAM49B and TRIM21 proteins (Fig. 7F). The enhancement in the binding between TRIM21
and FAM49B proteins upon LANCL1-KD was abolished by overexpression of LANCL1 WT
but not C-terminal-truncated LANCLI (Fig. 7F). By detecting the ubiquitination of the
immunoprecipitated FAM49B protein from stable clones of PLC/PRF/5 with rescue of
LANCLI1 WT or C-terminal truncated mutants (LANCL1 A201-399 and LANCL1 A301-399),
respectively, upon LANCL KD, we found that the LANCL1 C-terminal truncated mutants
failed to suppress ubiquitination of FAM49B while the LANCL1 WT did (Supp. Fig. 10E,
http://links.lww.com/HEP/H887). We further performed cycloheximide assays to measure the
FAMA49B protein stability in the above stable clones and found that the rescue of LANCLI1
C-terminal truncated-mutants (LANCL1 A201-399 and LANCL1 A301-399) failed to restore
the reduced FAM49B protein stability (Supp. Fig.s 11B-C, 11E-F,
http://links.lww.com/HEP/H887) upon LANCL1 KD while LANCL1 WT rescue could reverse
the reduced FAM49B protein stability (Supp. Fig. 11A and 11D,
http://links.Ilww.com/HEP/H887). All these implicate that LANCL1 C-terminal domain is
essential in maintaining FAM49B protein stability by binding FAM49B and TRIM21 to inhibit

the direct interaction between FAM49B and TRIM21 proteins.
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High LANCL1 and FAM49B co-expression is associated with more advanced tumor stage,
poorer overall survival and disease-free survival.

From the RNA-seq data in our in-house HKU-QMH (n=41 pairs) and TCGA-LIHC (n=50 pairs)
cohorts, both LANCL1 and FAM49B were significantly overexpressed in HCC tumors as
compared with the corresponding NTLs (P<0.0001) (Supp. Fig. 124,
http://links.lww.com/HEP/H887). In an independent cohort (n=98 pairs) of our HCCs, both
were significantly upregulated by >2 folds in HCCs in around 50% of the cases (Supp. Fig. 12B,
http://links.Iww.com/HEP/H887). The clinicopathological features of the patients with HCC are
listed in Supp. Table 12, http://links.Iww.com/HEP/H887. We found a significantly positive
correlation between LANCL1 and FAM49B expression in HCCs (Supp. Fig. 12C,
http://links.lww.com/HEP/H887). A previous study showed that FAM49B upregulation was
associated with poorer prognosis in HCC patients(27). To this end, we analyzed the clinical
significance of LANCL1 and FAM49B co-expression. We defined high and low LANCLI or
FAMA49B expression by T/NTL >2 and T/NTL <2, respectively. We observed that the HCC
subgroup with high co-expression of LANCL1 and FAM49B had more advanced tumor stage
and poorer cellular differentiation (Fig. 8A), poorer overall and disease-free survival (Fig. 8B
and Supp. Fig. 12D, http://links.lww.com/HEP/H887). Interestingly, the association with poorer
overall and disease-free survival was not observed with LANCL1 by itself (Supp. Fig. 12E,
http://links.lww.com/HEP/H887). This highlights our aforementioned findings that LANCLI1 is
a critical determinant for FAM49B expression, upregulation of LANCL1 enhanced the role of

FAMA49B in association with more aggressive tumor behavior and poorer prognosis of HCC.

Anti-LANCLI1 antibodies against the extracellular N-terminal region suppress the sphere



1971ZIMNZ[DBPXZOBBAROATIAEIOYIHSALLIAIPOOALIEAHIOI/ADA

UMV TXOMADUOINX FOHISABZIUT0+erNIOITWNOIZTABNHJRSHNQUE Aq dau/woo mm|sfeulnolj/:dny woly papeojumoq

€202/.2/0T uo

forming ability of HCC cells.

We further tested the translational potential of blocking cell-surface LANCLI1 with antibodies
against the extracellular N-terminal region of LANCLI. These include the antibodies generated
against the N-terminal 1-47aa region of LANCL1 as immunogen for NBP1-81796 (Novus
Biological, USA) and HPA034994 (Sigma-Aldrich, St. Louis), and the N-terminal 1-58aa
region for HO0010314-A01 (Abnova, Taiwan). We found that the blocking antibodies
significantly suppressed sphere formation of PLC/PRF/S cells as compared to the respective

IgG controls (Fig. 8C and Supp. Fig. 13A-13B, http:/links.lww.com/HEP/H887).

Discussion

Liver tumor initiation was contributed by several specific functional cell-surface proteins
(CD24, CD47, CD90, CD133, etc.) that not only initiate HCC, but also promote HCC
recurrence, drug resistance, and adverse prognosis(28, 29). Targeting the surface protein
responsible for tumor initiation is one of the most important strategies in cancer treatment(30).
Here, we searched for novel cell surface protein driving tumor initiation by using tailor-made
siRNA library with sphere formation ability as a readout in HCC cells. Upon validation of
membranous localization and subsequent functional verification, we identified LANCLI as a

potential functional cell surface protein for further comprehensive study.

It was reported that an efficient ROS-scavenging system by increased transfer of GSH is
important for LANCL1-mediated tumor initiation (31) and survival of prostate cancer cells (32)

or neuronal cells(15) under oxidative stress condition. We found that LANCLI reduced the
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cellular ROS levels to promote the tumor initiation properties of HCC cells. Unexpectedly,
LANCL1-driven ROS suppression was independent of GSH, as exemplified by the ability of
antioxidant GSH to abrogate ROS increase even in LANCLI1-KD cells. By creating LANCL1
mutants with mutated GSH-binding sites of LANCLI, we also found that the positive roles of
LANCL1 on ROS suppression and promotion of tumor initiation were independent of
GSH-binding ability. These unexpected results implicate that LANCL1 does not function as a
GSH-transferase in relation to enhancement of tumor initiation properties. ROS has been
reported to promote cell death and inhibit pro-tumorigenic properties like multi-drug resistance
of HCC cells (33) and by altering multiple cell signaling pathways (14, 34, 35), indicating a
negative role of ROS in tumor growth. Nevertheless, cancer cells employ multiple ways to
counteract the anti-proliferative ROS and resulting oxidative stress, including nuclear erythroid
2-related factor 2 (Nrf2) stabilization (36) to drive expression of downstream antioxidant

effectors (14), to mediate protection against oxidative stress.

In this study, our findings suggested a novel mechanism of how LANCL1 downregulates ROS
levels to promote tumor initiation (Fig. 8D). We demonstrated that FAM49B is a top functional
downstream binding partner of LANCL1 to suppress ROS and promote tumor initiation. We
further found that TRIM21 was the sole ubiquitin ligase with binding ability to LANCL1 and
FAMA49B to exert a functional phenotypic outcome in terms of suppression of tumor initiation
properties. LANCL1 enhances FAM49B protein level by interfering the interaction between
FAMA49B and TRIM21, thereby protecting FAM49B protein from proteasomal degradation
process induced by TRIM21. Enrichment of FAM49B protein inhibits Rac1 activation, which

in turn reduces NOX-mediated ROS production. Altogether, this



1971ZIMNZ[DBPXZOBBAROATIAEIOYIHSALLIAIPOOALIEAHIOI/ADA

UMV TXOMADUOINX FOHISABZIUT0+erNIOITWNOIZTABNHJRSHNQUE Aq dau/woo mm|sfeulnolj/:dny woly papeojumoq

€202/.2/0T uo

TRIM21-LANCLI1-FAM49B-Rac1-NOXs-ROS signaling axis promotes liver tumor initiation.
As PLC/PRF/5 and MHCC-97L have low expression of typical liver TIC markers like CD133
and EpCAM, our study has pinpointed the above LANCL 1-related signaling pathway as a
novel alternative pathway that contributes to the tumor initiation in a CD133- or

EpCAM-independent manner.

Although TRIM21 has been suggested to have an oncogenic role (37), there are recent
publications that support the opposite. For instance, TRIM21 downregulation in liver cancer
samples was associated with advanced tumor stage and poorer prognosis (38). TRIM21 also
promotes the ubiquitination of B-catenin and suppresses PI3K-Akt pathways in HCC cells (39),
suppressing multiple pro-tumorigenic signaling pathways. The above contradictory findings
may reflect the context-dependent nature of the functional roles of TRIM21 in HCC initiation.
Analyzing the survival rates for high LANCLI or high FAM49B expression in patient
subgroups having different TRIM21 expression (Supp. Fig. 14A-D,
http://links.Iww.com/HEP/H887), we found that high FAM49B expression was associated with
poorer overall survival of HCC patients of low TRIM21 subgroup (Supp. Fig. 14B right panel,
http://links.lww.com/HEP/H887), implicating potentially more stable protein expression of

FAMA49B with low TRIM21 background.

To allow clinical translation of LANCL1-targeting therapy, we researched the cell surface
protein domain of LANCLI and verified LANCL1 as an integral membrane protein with

extracellular N-terminal, intracellular C-terminal, and transmembrane region mapped at
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101st-110th aa, which have never been reported before. A previous study on the in vitro
LANCLI protein crystal structure showed the involvement of R4, K317, C322, and R364
amino acid residues in proximity for GSH-binding(17). However, we found that the R4 residue
should be extracellular and unable to interact with the other three intracellular residues. By
progressive C-terminal truncation method, we demonstrated that LANCL]1 intracellular
C-terminal domain is functional, stabilizing FAM49B protein to exert its downstream effects in
HCC. Intriguingly, using multiple antibodies designed to target the extracellular N-terminal
domain of LANCL1 protein, we found that blocking cell-surface LANCL1 could significantly

suppress sphere formation.

Looking forward, targeting LANCL1-FAM49B axis may be a promising strategy for HCC
treatment. However, there are several issues that warrant further investigation. First, the
identification of specific functional ligands of LANCLI1 in HCC cells will allow blockade of
LANCLI1-ligand binding. Second, LANCL1 antibodies with better affinity against the
LANCLI1 N-terminal region on unfixed live cells are needed to allow therapeutic application.
Third, since LANCL]1 protein expression is not specific to HCC cells, we may need to address
the specificity issue of LANCL 1-targeting strategies or delivery of LANCL1-targeting
antibodies. Fourth, the functional and molecular linkage between the extracellular N-terminal
and intracellular C-terminal domains of the LANCL1 protein is still not yet clear but beyond
the scope of our current study. Therefore, further study on whether and how the blockade of
extracellular domain of LANCL1 will affect the interaction of its C-terminal domain with the

FAM49B/TRIM21 complex is worthy.
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Figure 1. LANCLI1 is a potential functioning surface protein to drive tumor initiation in
HCC. A. Screening strategy to find novel surface proteins that promote tumor initiation. B-C.
Wild-type (WT) and mutants of LANCL1 with insertion of Flag-tag at different positions were
expressed in PLC/PRF/S cells (B), with expression location determined by
immunofluorescence (C) using anti-Flag antibody (green) under permeabilizing (upper panel)
and non-permeabilizing (lower panel) conditions. D. Immunofluorescence for
non-permeabilized parental PLC/PRF/5 cells using anti-LANCL1 antibody (green). E-F. Flow
cytometry to measure cell surface LANCLI expression in LANCL 1-overexpressing (C) or -KD
(F) PLC/PRF/S cells using anti-LANCLI antibody targeting 1-47aa epitope. **p<0.01; Scale

bar=10um.
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Figure 2. Knockdown of LANCLI1 suppresses sphere formation ability which is reversed

by protein rescue in HCC cells. A.

Rescue of shRNA-resisted variant of LANCL1 in

LANCL1-KD HCC cells. B. Sphere formation assays for the above-mentioned HCC cells. C-D.

Limiting dilution assays in NOD-SCID mice with 5e5, 5e4, and 5e3 of the indicated

PLC/PRF/5 (C) and MHCC-97L (D) cells subcutaneously injected. *p<0.05; **p<0.01; Scale

bar=200um.

Figure 2 A B
PLC/PRFIS (kDa) g HCC cell sphere lolinn
e - L |
procn | - =
SHLANGLA #1 2 1
shLANCLY = M1 M2 o1 M2 HCC coll sphore formation
LANCLY b i § 3 A o = NTC+Vector
e o 2 e —te == shLANCL1#1+Vector
2 b o= re =3 shLANCL 1#2+Vector
g 5 & T P sHLANCL1#1+LANCL1
p 1hm I | I = shLANCL1#2+LANCL1
2 oL a 1B 21
PLCIPRF/S  MHCC-97L
c

PLC/PRFIS (Ga+5) PLC/PRFIS (Sa+d)

Subculaneous
tumars in NODFSCID mice

PLC/PRFIS (5e+3)
NTC+\ector
shLANCLA#1+Voctor
shLAMCL1#2+Vector
shLAMCLI®1+LANMCLT
ShLANCLI#2+LANCLY

Limiting dilution tumor initiation (PLC/PRF/S)
Tumor incldence (%)

NTC shLANCL1#1 shLANCLI#2 shLANCL1#1 shLANCL1#2

Injected

cell No. svector  +vector *Vector
Se+5  6/6 (100) 4/6(B6.7)  4/6 (66.7)
Sovd  6/6(100) 26 (33.3) 206 (33.3)
Se+d 66 (100) 16 (16.7) 206 (33.3)

4LANCL1  +LANCL1
/6 (100)  B/6 (100}
606 (100)  B/6 (100)
GIE (100} BB (100)

MHCC-97L (50+5)

MHCC-S7L (So+4)

Subcutaneous

Limiting dilution tumor

MHCC-S7L (5e+3)

NTC+Vector
shLANCL1#1+Vector
shLANGLI#2+Vector
shLANCLI#1+LANCL1
shLANCLANMZ+LANCL1

(MHCC-97L)

Tumoer incidence (%)

Injectad

NTC  shLANCLI#1 shLANCL1#Z shLANCL1#1 shLANCLA#2
1

cell NO.  yymetar  +Vector +Wector

+LANGLY +LANCL

Se+5 6/6 (100) 5/6(83.2) 56 (83.3)
Se+a 616 (100) 4/6 (66.7)  4/6 (86.7)
Se+3 S/6(83.3) /6 (33.3)  3/6 (50.0)

6/6 (100) 66 (100)
/6 (100) 66 (100)
/6 (100) 6/ (100)




197ZIMNZI[DBPpXZOBBAROATIAEIDYIASALLIAIPOOAEIEAHION/ADOA

UMY TXOMADUYOIAXYOHISABZIY TN +eyNIOITWNOTIZTACYHASSHAAUE Aq day/woo mm| sfeuinoly:dny woly papeojumoq

€202/.2/0T uo

Figure 3. LANCLI1 promotes tumor initiation by suppressing intracellular ROS levels.
A-B. ROS levels for PLC/PRF/5 and MHCC-97L spheroid cells (A) and xenograft tumor cells
(B) of LANCL1-KD and LANCL1-rescue stable clones. C. LANCL1-KD HCC cells were
treated with NAC (1 mM) or GSH (100 uM), or distilled water (Ctrl) for sphere formation
assays. ROS levels were measured for HCC spheroid cells with treatment as mentioned
(bottom). D-E. NOD-SCID mice with the indicated subcutaneous cell injection were fed with
distilled water (Ctrl) or NAC (120 mg/kg/day), or GSH (100 mg/kg/day) for 4 weeks (top) to
measure tumor incidence (bottom) and tumor cell ROS (E). *p<0.05; **p<0.01; Scale

bar=200um.
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Figure 4. The suppression of ROS and sphere formation by LANCL]1 is independent of its
GSH-binding ability.

A. LANCL1-KD clones were rescued by LANCL1 WT or GSH-binding site mutants (K317A:
LANCL1 K317A mutant, 3BS: LANCL1 K317A, C322A, and R364A mutant) in HCC cells.
GSH-binding of the P2A-tagged LANCL1 WT and mutants was examined by pull-down using
GSH-sepharose beads and immunoblotting. B-D. Sphere formation (B) and ROS (C-D) were

examined. *p<0.05; **p<0.01; Scale bar=200um.
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Figure 5. FAM49B is the downstream protein and reduces LANCLI1-driven ROS via Racl
inhibition and amelioration of NOX-mediated oxidative stress to promote tumor
initiation-related properties. A. Proteins (red) significantly enriched by >4 folds in LANCL1
interactome in PLC/PRF/5 cells (upper). Endogenous FAM49B was co-immunoprecipitated
with LANCLI1 and vice versa (lower panels). B. Immunoblotting was performed for
LANCL1-KD plus FAM49B-overexpression PLC/PRF/5 cells which also had the sphere
formation and ROS level examined. C. Limiting dilution tumorigenicity assays for the
above-mentioned PLC/PRF/5 cells. ROS level was examined for the indicated tumor cells. D.
Racl-GTP pull-down assays using PAK-PBD beads for the indicated PLC/PRF/S cells with the
indicated protein levels detected. E. ROS levels for the indicated PLC/PRF/5 cells with 24-hour
treatment of NSC23766 (50 uM) and VAS2870 (10 uM). F. NADPH assays for the indicated
PLC/PRF/S5 cells with NSC23766 and VAS2870 treatment. NADP+ amount (pink) + NADPH
amount (blue) = total NADP amount (NADPt) was indicated at left Y-axis. NADP+/NADPH
ratio (grey) was indicated at right Y-axis. *p<0.05; **p<0.01; ns: not significant. Scale

bar=200pm.
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Figure 6. LANCLI1 blocks TRIM21 binding to FAM49B, reducing TRIM21-induced
proteasomal degradation of FAM49B. A. Examination of protein stability of FAM49B in
LANCL1-KD by shRNA #1 and LANCLI1-rescue PLC/PRF/S cells upon cycloheximide
treatment (CHX, 10 pg/ml). Fitting curves show FAM49B protein half-life (left lower)
calculated based on the quantification of the FAM49B protein levels relative to B-actin.
Ubiquitination of FAM49B protein was examined in the indicated PLC/PRF/S cells (right). B.
The KD efficiency for PSME3 and TRIM21 in PLC/PRF/S as determined with qPCR (upper).
Sphere formation was measured (lower). C. ROS for spheroid cells of the above stable clones.
D. Co-immunoprecipitation and immunoblotting of endogenous proteins verified LANCLI,
FAM49B, and TRIM21 protein interaction in PLC/PRF/S cells. E. Protein stability (left) and
ubiquitination (right) of LANCL1 and FAM49B in TRIM21-KD PLC/PRF/S cells. F. FAM49B
and TRIM21 proteins were immunoprecipitated in LANCL1-KD or rescue PLC/PRF/5 cells
with MG132 treatment to examine the effects of LANCL1 on the binding between FAM49B

and TRIM21. *p<0.05; **p<0.01; ns: not significant.
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Figure 7. Intracellular C-terminal region of LANCLI1 is required for reducing
TRIM21-binding to FAM49B and promoting sphere formation inhibited by TRIM21. A.
LANCL1 and FAM49B protein levels in PLC/PRF/S cells with overexpression of TRIM21 and
co-overexpression of LANCL1 and TRIM21. B. Sphere formation assays (left) and ROS levels
(right) for the above stable clones. C. Limiting dilution assays for the above cells. D. ROS
levels were examined in the indicated tumor cells. E. LANCL1 WT or mutants with C-terminal
truncations were overexpressed in LANCL1-KD PLC/PRF/S cells, with results of sphere
formation and ROS levels shown. F. Immunoprecipitation of FAM49B and TRIM21 in the
indicated PLC/PRF/5 cells and immunoblotting for the indicated proteins. *p<0.05; **p<0.01 ;

ns: not significant. Scale bar=200um.
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Figure 8. High LANCL1 and FAM49B co-expression is associated with more aggressive
tumor behavior and poorer survival.

A. Clinicopathologic correlation analysis by Fisher’s exact test for the association between
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high FAM49B expression (T/NTL >2) and cellular differentiation and tumor stages in
HCC subgroups with high and low relative LANCL1 mRNA expression in the paired
HCCs and corresponding NTL tissues of the HKU-QMH cohort. B. The overall survival
(OS) (left panel) or disease-free survival (DFS) (right panel) based on FAM49B mRNA
expression in the HCC subgroup with high relative LANCL1 mRNA expression in the
paired HCCs and corresponding NTL tissues of the HKU-QMH cohort. High and low
FAMA49B expression was defined by T/NTL >2 and T/NTL <2, respectively. Remarks:
**p < 0.01. C. PLC/PRF/S cells were treated with LANCLI antibody (NBP1-81796),
targeting 1-47aa epitope, at either 400ng or 800ng, and respective IgG control. Sphere
formation was examined. *p<0.05; **p<0.01; Scale bar=200pm. D. LANCL1-FAM49B
axis promotes liver tumor initiation by reducing NADPH oxidase (NOX)-mediated
oxidative stress. (Upper) In LANCL1-high HCC cells, LANCLI binding to FAM49B
and TRIM21 reduces the interaction between FAM49B and TRIM21 proteins to prevent
ubiquitination of FAM49B and enhance FAM49B protein stability, which in turn
inhibits activation of Racl from GDP to GTP-bound form. With suppressed Racl
activation, NOX no longer generates ROS. This suppresses oxidative stress and
promotes liver tumor initiation. (Lower) However, in LANCL1-low HCC cells or
absence of LANCL1 C-terminal region to interact with FAM49B and TRIM21 protein,

FAMA49B ubiquitination is enhanced for subsequent proteasomal degradation. Racl
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activation is no longer inhibited and hence promotes NOX to generate ROS, resulting in

oxidative stress to suppress liver tumor initiation.

Figure 8

A Corrrelation analyzes between FAMASE mRMA and clinicopathological features
in the HCC subgroups with different LANCL1 mRMA levels in the HKU-QMH cohart.
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