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Abstract

Introduction: Glypican-3 (GPC3) is a surface-bound proteoglycan overexpressed in pediatric 

liver cancer and utilized clinically as an immunohistochemical tumor marker. Furin is a proprotein 

convertase that is ubiquitously expressed and shown to modify GPC3 post-translationally. In 

experimental models of epithelial-based cancers, furin inhibition decreased tumor cell migration 

and proliferation representing a potential therapeutic target.

Methods: Using a synthetic furin inhibitor, we evaluated proliferation, migration, protein, and 

RNA expression in two liver cancer cell lines, HepG2 (GPC3-positive) and SKHep1 cells (GPC3-

negative). Total furin protein and GPC3 protein expression were assessed to evaluate functional 

levels of furin.

Results: There was a reduction in HepG2 proliferation with addition of furin inhibitor at the 48-h 

timepoint, however there was an increase in HepG2 migration.

Conclusions: GPC3 cleavage in hepatoblastoma (HB) has a role in cell proliferation with 

therapeutic potential, however furin inhibition is not an appropriate target for GPC3-expressing 

HB due to increased migration which may enhance metastatic potential.
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Introduction

Hepatoblastoma (HB) is the most common primary malignant liver tumor in children. 

Annual incidence is approximately 1.5 cases per million in the United States, increasing 

by 2.7% annually.1,2 HB is thought to arise from hepatocyte precursor cells, as well as 

differentiated hepatic stem cells or human liver multipotent progenitor cells.3–5 Currently, 

efforts are being made to understand the pathogenesis of HB. Experimental models to study 

HB are limited and work is in progress to expand in vivo and in vitro systems to better 

recapitulate the disease.6,7

Glypican 3 (GPC3) is the second most overexpressed gene in a study of 48 HB tumors 

compared to normal liver.8,9 Although normally expressed in fetal liver, the oncofetal protein 

is absent in adult liver tissues.10–12 GPC3 is one of six members of the heparan sulfate 

proteoglycan family of proteins which localizes to many parts of the cell, including cell 

membrane via GPI anchor.13 The known biological role of GPC3 is as a key regulator in 

several cell signaling pathways, including WNT, Hedgehog (HH), BMP and FGF, leading 

to morphogenesis in the developing embryo due to tissue- and cell-specific expression.14–

17 The differential effect of GPC3 on these signaling pathways has been attributed to 

the various forms of GPC3 present in the cell resulting from extensive post-translational 

modification.13,18,19

Furin, a proprotein convertase enzyme, cleaves GPC3 into 30 kDa C-terminal domain and 

40 kDa N-terminal domain.20,21 Furin is expressed ubiquitously throughout tissues and has 

many substrates including matrix metalloproteinases, cell adhesion molecules, and growth 

factors that have direct implications for cancer development.22–24 Although the biological 

significance of GPC3 cleavage products is unclear, studies have suggested that cleaved 

GPC3 is required for HH signaling; however, full-length GPC3 is able to stimulate WNT 

pathway in normal development.25–29

GPC3 is currently being used as a biomarker of HB at the molecular, histologic, and 

serum level; however, its role in tumor development remains unclear.18,30,31 GPC3 has been 

associated with liver cancer for over 30 y, first found to be upregulated in hepatocellular 

carcinoma.32 Since that time, studies have shown that GPC3 acts as an oncogene in 

hepatocellular carcinoma (HCC) and lung squamous cell carcinoma and tumor suppressor 

in breast, ovarian, renal and gastric cancer.33–37 Prior research suggests that the protein 

structure and cleavage of GPC3 is important for progression of liver cancer.21,29

Due to overexpression of GPC3 in HB, we hypothesize that this molecule plays a role in 

HB pathogenesis. In this study, we demonstrate that serial treatment of an HB cell line 

with furin inhibitor (FI) decreases the protein expression of cleaved GPC3 subunits and 

leads to reduced cellular proliferation. However, furin inhibition also induces increased cell 

migration and morphologic changes.

Schepers et al. Page 2

J Surg Res. Author manuscript; available in PMC 2024 February 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Materials and Methods

Patient subjects

Human background liver and HB tumor were collected from patient resection specimens 

under conditions appropriate for characterization and mechanistic studies with institutional 

review board approval (IRB # 2016-9497) and informed patient consent.

Cell culture

HepG2, a GPC3-expressing HB cell line, and SKHep1, a GPC3-negative liver 

adenocarcinoma cell line,38–41 were purchased from American Type Culture Collection 

(ATCC) and confirmed to be mycoplasma free using MycoAlert PLUS (Lonza) and 

MycoStrip (InvivoGen). HepG2 and SKHep1 cells were cultured in Dulbecco’s Modified 

Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 1% 

nonessential amino acids (NEAA) and 1% Penicillin-streptomycin (PS; Penicillin 10,000 

units/mL; Streptomycin 10,000 μg/mL) and were cultured at 37C, 5% CO2, and 90% 

humidity.

For RNA and protein analysis, HepG2 and SKHep1 cells were plated on 6-well dishes 

(150,000 cells/well and 100,000 cells/well, respectively). Cells were serum starved for 24 h 

using DMEM with 1% FBS, 1% NEAA, and 1% PS. HepG2 and SKHep1 cells were treated 

with 100uM Furin inhibitor II (FI product number SCP0148; Sigma–Aldrich, St. Louis, MO, 

USA) for varying time intervals indicated in figure legends.42,43

HepG2 Crispr/Cas9 GPC3 knock out (KO) cells were generated by the Cincinnati 

Children’s Hospital (CCHMC) Transgenic Animal and Genome Editing Core using 

1000 ng Cas9 and 250 ng fluorescent gRNA per reaction and electroporation following 

prior reported protocol.44 Clones were screened by amplifying a target GPC3 region 

by PCR (PCR primer sequence-P1 vs7904 CTCTAGTCATAGCTTTGTTCTGC, P2 

Vs7905 TCAAGCACTCTACTCAGAAGAAC) and followed by Sanger sequencing for KO 

confirmation. Sequencing confirmed a 13 bp insertion and 170 bp deletion that results in 

premature stop codon, knocking out GPC3 within two clones.

Transfection/peptide addition

GPC3 peptides for full length (FL), N, and C terminal protein fragments were generated 

by Genscript using the ExpiCHO expression system. Peptide was added to cell culture 

at 1μg/mL for each condition. Transfections were completed using Lipofectamine 2000 

following manufacturer’s suggested protocol and 1mg of plasmid DNA (pCDNA3.4-EV, 

pCDNA3.4-GPC3N, pCDNA3.4-GPC3C, and pCDNA3.4-GPC3-FL).

WST-1 cell proliferation assay

HepG2 and SKHep1 cells were plated in 96-well dish (10,000 cells/well and 5000 cells/well, 

respectively). As mentioned above, the cells were serum starved for 24 h prior to treatment 

with 100 μM FI for a final volume of 100 μL/well. The cells were treated with Premix 

WST-1 (Takara Bio Inc) following manufacturer’s instructions and incubated at 37C for an 

hour. Absorbance was measured using Synergy HI microplate reader (BioTek).
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Scratch wound healing assay

HepG2, SKHep1, and HepG2 GPC3 KO cells were plated on 6-well dish as above. After 

incubation, cells were serum starved for 24 h. A scratch wound was made using a pipette 

tip with the long-axial of the tip perpendicular to the bottom of the well.45 Cells were then 

washed to remove detached cells. Media was replaced, along with 100uM FI. Cells were 

then imaged using Nikon Ti or Ts2 microscopes at 24 h and 48 h after treatment and scratch. 

Wound closure was calculated by obtaining distance of each scratch closure using Nikon 

Elements software to measure distance between the wound edges.

Immunofluorescence

Paraffin sections from background liver and HB tumor samples were used to perform 

IF staining after sections were deparaffinized and rehydrated. Antibodies were diluted in 

phosphate-buffered saline (PBS) containing 2% BSA and 0.05% tween 20. Tissue sections 

were incubated overnight at 4°C, washed with PBS +0.05% tween 20, and then visualized 

with fluorescent secondary antibody for 1 h at room temperature.

HepG2 and SKHep1 cells were plated on chamber slides. Cells were serum starved for 24 

h, and then treated with 100uM FI for 24 h and 48 h. After treatment, cells were fixed with 

1% PFA then permeabilized and blocked with 4% normal goat serum with 0.25% Triton 

X-100 in PBS for an hour at room temperature (RT). Primary antibodies for IF staining of 

cells were incubated overnight at 4°C. Secondary antibody was added the following day for 

1 h at room temperature. Antibodies are listed in Supplemental Table S1. All slides were 

visualized with a Nikon Ti microscope.

Real-time PCR–expression and western blot analysis

For analysis of transcriptional gene expression, RNA was isolated from cells using RNeasy 

Plus Mini Kit from Qiagen. cDNA was prepared using VILO cDNA synthesis kit from 

Invitrogen. Polymerase chain reaction was performed using RT2 SYBR green master mix 

(Qiagen) in a CFX Connect real-time thermocycler (BioRad). RT2 primer assay gene 

primers were purchased from Qiagen. Primers used are listed in Supplemental Table S1. 

Assays were performed in triplicate on each independent sample.

For protein analysis, cell lysates were prepared using Mammalian Cell Lysis Kit (Sigma–

Aldrich). A 1x stock sample loading buffer was prepared using 4x Laemmli buffer plus 

beta-mercaptoethanol. Protein samples were run on 4% to 15% polyacrylamide gels using a 

Biorad system. Protein was transferred to nitrocellulose membrane. Antibodies are listed in 

Supplemental Table S1.

Statistical analysis—Data analysis was performed using GraphPad Prism 9.0.0. 

Normality was evaluated using Q-Q plot. T-test and ANOVA were used to evaluate normally 

distributed data. Appropriate nonparametric testing was performed for non-normally 

distributed data. Significance is indicated in the figures and associated legends * = P < 

0.05, ** = P < 0.01, *** = P < 0.001, and **** = P < 0.0001.
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Results

GPC3 cleavage in HB

GPC3 overexpression in human HB tumor is well established; however, the role of GPC3 in 

HB pathogenesis is unclear. Using immunofluorescence, we evaluated GPC3 expression in 

tumor of HB patients compared to adjacent background liver. Relevant clinical data has been 

previously published.46 We endeavored to evaluate the presence of each separate subunit 

within our samples using antibodies targeting the N-terminus (40 kDa) and C-terminus (30 

kDa) GPC3 subunits. Compared to background, there was elevated expression of GPC3 in 

HB tumor as indicated by colocalization of staining from both N- and C-terminal antibodies 

consistent with presumed full length GPC3 (Fig. 1A, white arrow) and regions with single 

N- or C-terminal staining (Fig. 1A, yellow arrow). Assessment of GPC3 protein expression 

in human HB samples demonstrated presence of full length (70 kDa) and cleaved N-terminal 

(40 kDa) subunit. (Fig. 1B).

We hypothesize that overexpression of the cleaved products of GPC3 is critical to the 

pathogenesis of HB as demonstrated by our schematic in Figure 1C. SKHep1 cell line was 

used to further explore this hypothesis. Although SKHep1 cell line is derived from liver 

adenocarcinoma, it is one of the few cell lines available that does not express GPC3 and 

is commonly used in studies of liver cancer and GPC3.38,40,47 Addition of GPC3 peptide 

or transfection of SKHep1 cells demonstrated that GPC3 cleavage products, not full-length 

protein drive cell growth (Fig. 1D). These findings support the idea that convertase activity 

is needed for increased proliferation in vitro.

As discussed, furin has many different substrates that can be affected by use of an inhibitor. 

In Supplemental Figure S1A, we have demonstrated reduced expression of a subset of furin 

substrates including TNF, TGF-beta, E-cadherin, and N-cadherin in six human HB tumors. 

Although not comprehensive, these findings support the use of FI as a proxy to evaluate 

GPC3 following furin inhibition in HB.

Treatment with furin inhibitor reduces cleaved GPC3 in HB cell lines

We evaluated expression of GPC3 and its cleaved forms at early two-hour intervals and 

longer intervals after single treatment with FI.

Figure 2A and B demonstrate HepG2 and SKHep1 protein expression changes for full-

length (70 kDa) and N-terminal (40 kDa) GPC3, as well as furin protein. In HepG2 cells, 

N-terminal (40 kDa) GPC3 expression is reduced within 4 h after treatment with FI and 

sustained through 48 h (Fig. 2A). There was no reduction of full-length (70 kDa) GPC3 at 

early or later timepoints. Furin protein expression was reduced at 48 h in HepG2 cells and at 

4 and 6 h in SKHep1 cells, but was elevated at 48 h in the latter (Fig. 2B).

Gene expression for GPC3 and furin were not significantly or consistently altered after 

treatment with FI in either cell line, which suggest that the effect of treatment is at 

the protein level and has minimal effect on gene expression (Supplemental Fig. S2A). 

There were no significant changes in proliferation of HepG2 or SKHep1 cells after single 

treatment with FI (Fig. 2C and 2D).
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Our data indicate that furin inhibitor begins to inhibit GPC3 cleavage at early timepoints, 

but a single dose is insufficient to drive significant changes in proliferation. However, we 

did observe phenotypic changes in HepG2 cell morphology creating a more uniform single 

cellular appearance that warranted further evaluation (Supplemental Fig. S1B).

Furin inhibition induces morphological changes and reduces expression of cytoskeletal 
and adhesion proteins

As discussed, furin inhibition caused changes in HepG2 cell ultrastructure suggesting 

that furin inhibition may lead to cytoskeletal reorganization. (Supplemental Fig. S1B). In 

addition, we have rescued cells treated with FI by addition of full-length GPC3 peptide 

(Supplemental Fig. S1B). After 24 h, there is evidence of increased clustering of cells 

indicating that although GPC3 is not sufficient to independently drive the morphological 

changes observed, there is a prominent role for this protein in observed changes following 

furin inhibition.

We evaluated HepG2 and SKHep1 cell morphology and structure using immunofluorescence 

after single treatment with FI. HepG2 cells showed reduction of E-cadherin and GPC3 at 24 

h after treatment with FI (Fig. 3A). HepG2 cells also showed reduced or reorganized F-actin 

(phalloidin), a key cytoskeletal protein, as well as RhoA which has a role in cell adhesion 

and migration (Fig. 3A). SKHep1 cells demonstrated no differences in abundance or pattern 

in these same proteins at 24 h, and as expected SKHep1 cells have no GPC3 expression (Fig. 

3B).

Multiple dosing of FI drives sustained proliferation reduction through reduced GPC3 
cleavage but also drives HepG2 cell migration

HepG2 and SKHep1 cells were treated at 8-h (q8h) and 24-h (q24 h) intervals with FI 

and evaluated at 24 h and 48 h for sustained proliferation changes and evaluation of cell 

migration using scratch assay (Figs. 4 and 5). After treatment with FI, we observed reduced 

N-terminal (40 kDa) GPC3 as expected based on single dose treatment (Fig. 4A). At 48 

h, both q8h and q24h dosing schemes elicit a statistically significant reduction of HepG2 

proliferation following FI (Fig. 4B). Although we see no proliferative changes at 24 h, 

reduced protein expression at this timepoint may influence downstream effectors of cell 

division as demonstrated by reduced proliferation at 48 h.

SKHep1 furin protein expression was not changed and GPC3 was not expressed (Fig. 

4C). As observed with single treatment of FI, there were no consistent changes in gene 

expression in either cell line regardless of treatment scheme (Supplemental S2B). SKHep1 

did not show any changes in proliferation with either dosing scheme at 24 h or 48 h. 

Migration of HepG2 cells following FI was significantly increased at both 24 h and 48 h 

post treatment and with both treatment arms (Fig. 5A). SKHep1 cells did not demonstrate 

increased cell migration at any timepoint or with either treatment arm, however increased 

cell death was observed at 48 h with the q8h dosing as seen in Figure 5B (small dark 

punctate SKHep1 cells were rounded and often floating).
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Addition of FL GPC3 increases proliferation in GPC3 KO cells and rescues FI treated 
HepG2 cells

Following combination treatment with FI and FL GPC3 and HepG2 cells show moderate 

rescue from reduced proliferation seen with FI alone at 48 h, although no statistical 

difference is seen by ANOVA (Supplemental Fig. S1C). To further understand if GPC3 has 

a role in proliferation, we utilized Crispr-modified GPC3 KO HepG2 cells. GPC3 KO cells 

were generated using HepG2 cells and Crispr/Cas9 gene editing with guide RNA and a PAM 

site near the GPC3 furin cleavage site, which resulted in a premature stop codon in exon 4 

of GPC3. Sanger sequencing confirmed these changes in two KO clones (Fig. 6A and B). 

GPC3 KO cells were treated with FI and FL GPC3 peptide and combination treatment of FI 

and FL GPC3 peptide given simultaneously to rescue cells from the proliferation reduction 

seen previously in FI treated HepG2 cells. At 24 h, FL GPC3 increased proliferation with 

a similar effect as seen with FI, supporting the role of GPC3 in the response of wild type 

HepG2 cells to FI (Fig. 6C). At 48 h, there is increased proliferation in cells treated with FL 

peptide and combined FI and FL GPC3 (Fig. 6C).

Using western blot, protein expression was evaluated in HepG2 and GPC3 KO cells and 

confirmed absence of GPC3 in KO control cells (Fig. 6D). We were able to confirm uptake 

and processing of FL GPC3 peptide with expression of both 70 kDa and 40 kDa GPC3. Fifty 

kilodalton and 100 kDa protein fragments were also observed following peptide addition 

to GPC3 KO cells (Fig. 6D). Following FI GPC3 KO cells showed increased migration 

compared to control HepG2 KO cells, suggestive of an off-target effect of FI not specific 

to the GPC3 proliferation effect observed (Fig. 6E). Untreated GPC3 KO clones show no 

significant difference in migration rate compared to wild type HepG2 (Supplemental Fig. 

S1D).

Discussion

In this study, we demonstrate that two liver cancer cell lines, which differ in GPC3 

expression, also demonstrate contrasting responses to furin inhibition relative to proliferation 

and migration. Furin inhibition reduces HepG2 cell proliferation after serial treatment with 

enzyme inhibitor with reduction in 40 kDa cleavage product seen as early as four to 6 

h after single treatment (Fig. 2). We also demonstrated that SKHep1 cell proliferation is 

enhanced by treatment with recombinant GPC3 subunits (Fig. 1D). HepG2 GPC3 KO cells 

demonstrate there is a prominent role for GPC3 in driving proliferation in liver cancer cell 

lines demonstrated by increased proliferation following addition of FL GPC3 peptide.

In addition, we have shown that HepG2 cells treated with FI demonstrate an increased 

propensity for cell migration potentially due to cytoskeletal reorganization (Figs. 3 and 

5). Increased migration was also observed in HepG2 GPC3 KO cells treated with FI 

which suggest that FI, not GPC3, promotes migration in HepG2 cells and requires further 

exploration. From a therapeutic standpoint, furin inhibition prevents tumor cell proliferation 

however our studies did not demonstrate a treatment worthy response, with the adverse 

consequence of promoting cellular migration.
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There are conflicting results in the current literature on the proliferative effect of GPC3 

overexpression in cancer. Wang et al. provided evidence that GPC3 promoted proliferation 

by stimulating the HH signaling pathway.41 Conversely, Pan et al. demonstrated a reduction 

in HCC cell lines following transfection with GPC3.40 Our results demonstrate variable 

overexpression profile of GPC3 between human HB samples compared to adjacent 

noncancerous liver.46 The importance of GPC3 cleavage in tumor remains unclear and 

further examination of the GPC3 mechanism in HB must be explored to further understand 

these results following furin inhibition. Although we show that some other furin substrates 

have reduced gene expression in HB, it is still possible that our results are due to off-target 

effects of FI or due to different GPC3 interactions driven by different forms of GPC3 

protein. Several studies have reported that cleavage of GPC3 appears to be necessary for 

interaction with HH signaling pathway, however this modification is not required for GPC3 

interaction with both canonical and noncanonical WNT pathways.21,48,49 Understanding the 

importance of GPC3 cleavage by furin needs to be further studied to provide insight into the 

drivers of proliferation and other effects induced by GPC3 overexpression in HB.

GPC3 is currently being studied as an immunotherapy target due to its extensive 

expression.50 Regarding GPC3 as a specific treatment target, our study indicates that 

furin inhibition should be avoided as treatment for HB until the role of GPC3 in cellular 

adhesion and migration are more clearly explained. Due to heterogeneity of physiologic 

GPC3 expression, there is likely a broad range of GPC3 effects at the individual patient 

level and across cancer types. Further investigation on GPC3 interaction with signaling 

pathways including crosstalk between these pathways and discovery of driving mechanisms 

of tumorigenesis is essential for discovering novel therapeutic strategies for HB.

Conclusions

Through inhibition of furin in HepG2 and SKHep1 cell lines, we show that cell proliferation 

is of modest importance. We also show that GPC3 drives increased proliferation in GPC3 

KO HepG2 cells. However, cell morphology and migration are enhanced in HepG2 cells 

due to reduced protein cleavage by furin. From this, we conclude that FI is a poor treatment 

candidate for HB due to the risk of increasing cell motility and invasion through increased 

migration and cytoskeletal restructuring possibly due to mechanisms in addition to GPC3. 

Further exploration is needed to clarify GPC3 interactions and mechanism to determine if 

this protein is necessary or sufficient to drive these cellular changes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
GPC3 cleavage as a potential target to reduce tumor growth. (A) Background (B) and 

tumor (T) from HB specimens shows increased GPC3 expression in tumor with areas 

of localization of presumed full-length (70 kDa) GPC3 (white arrow) and areas with 

N-terminus (40 kDa) staining only (yellow arrow) (40X objective, scale bar 50um). Five 

patient samples were evaluated with representative images shown. (B) Western blot of 

normal liver (N), human background (B) and tumor (T) samples from three HB patients (17, 

18, 21 B/T), and one HCC patient (20 B/T), showing elevated GPC3 in tumor with more 

abundant GPC3 40 kDa cleaved product in HB compared to HCC (50 kDa band is also 

observed in tumor). Eight additional patient T/B samples were evaluated (data not shown). 

(C) Schematic demonstrating potential phenomena for an oncogenic form of proteins as 

a result of aberrant cleavage. Image created by BioRender.com. (D) Addition of cleaved 

GPC3 products (40 kDa and 30 kDa subunit peptides) and DNA construct transfection into 

SKHep1 cells results in increased proliferation with no change or reduced growth seen in 

cells treated with full-length (70 kDa) GPC3.
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Fig. 2 –. 
Furin inhibition moderates GPC3 cleavage with minimal reduction in cell growth after 

single treatment. (A) N-terminal (40 kDa) GPC3 protein expression is reduced in HepG2 

cells treated with FI compared to control (C) at four and 6 h with sustained reduction 

through 48 h after single treatment. No change seen in full-length (70 kDa) or furin protein 

expression. (B) Furin protein expression in SKHep1 cells had variable response to FI, with 

no prominent trend. (C) HepG2 cells treated with FI and evaluated at early (2, 4, 6, 8 h) and 

late (24 and 48 h) time points showed no significant reduction in proliferation. (D) SKHep1 

cell proliferation was unchanged after single treatment with FI.
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Fig. 3 –. 
Furin inhibition induces morphological changes and reduces expression of cytoskeletal and 

adhesion proteins. (A) HepG2 cells show reduced protein expression of E-cadherin as well 

as reorganization and potential reduction of total GPC3 at 24 h after FI treatment compared 

to control cells. RhoA and phalloidin after 24-h treatment with FI show reduction and 

reorganization. (B) No clear change in staining is observed in SKHep1 cells in FI treated 

cells compared to control although there may be some reorganization of RhoA. GPC3 

staining is negative in SKHep1 cells as expected (20X objective, scale bar 100 μm).
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Fig. 4 –. 
Multiple dosing of FI elicits greater reduction in proliferation. (A) N-terminal GPC3 protein 

expression is reduced in HepG2 cells with control (C) and furin inhibitor (FI) shown for 

each treatment regimen at 24 h and 48 h. Full-length GPC3 and furin protein expression was 

not significantly changed. (B) Reduced proliferation was observed 48 h after treatment of 

HepG2 cells with FI every 8 h (q8h) and every 24 h (q24h), but not at 24 h. (C) Furin protein 

expression in SKHep1 cells after treatment with FI showed no significant change between 

control and treated cells. (D) SKHep1 proliferation at 24 h and 48 h in SKHep1 cells after 

treatment with 100 μM furin inhibitor every 8 h (q8h) and 24 h (q24h) showed no significant 

change. At the 48 h timepoint, q8h dosing resulted in cell death preventing analysis.
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Fig. 5 –. 
FI increases HepG2 migration. (A) Migration of cells was minimal in control HepG2 cells. 

With q8h FI, migration is increased with some variability compared to the control, but with 

q24h treatment, migration was greatly increased following multiple doses of FI as shown 

in the bar graphs for 24 h and 48 h of treatment. (B) SKHep1 cells show no difference in 

migration compared to control for either treatment arm, but cell morphology/floating cells 

in q8h arm suggests significant cell death. (4x images zoomed 6.5x to visualize wound 

area-EVOS XL). Graphs for each experiment depict the average difference of individual 

measurements from replicate experiments across time points by measuring wound width at 

multiple points.
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Fig. 6 –. 
GPC3 peptide increases proliferation in GPC3 knock out (KO) HepG2 cells with no effect 

after treatment with FI. (A) Design of HepG2 Crispr GPC3 KO cell lines with PAM, 

restriction site, and sequencing confirmation. (B) PCR genotyping confirming no expression 

of GPC3 in knock out cell line. Compared to HepG2 (~345 bp), KO yields truncated PCR 

band (~220 bp). A portion of the 100 bp ladder is shown in lane one. (C) GPC3 KO 

cells were treated with FI, FL GPC3 peptide and combination of FI and FL GPC3 peptide 

for 24 and 48 h. At 24 and 48 h, there was increase in proliferation following treatment 

with full-length GPC3 peptide, FI, and combination of full-length GPC3 peptide and FI 

relative to untreated control HepG2 GPC3 knock out cells (Fig. 6C). (D) GPC3 protein 

expression in GPC3 KO cells show absence of expression in untreated control cells and 

expression of both 70 kDa and 40 kDa GPC3 in GPC3 KO cells treated with full-length 

GPC3 peptide. (E) Scratch assay performed on two HepG2 GPC3 KO clones demonstrates 
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increased migration following q24 h FI treatment at 24 and 48 h compared to control GPC3 

KO cells. Representative images shown (4x images, Nikon Ts2).
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