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Abstract

BACKGROUND

Insulin-like growth factor-1 receptor (IGF-1R) was over- expressed in hepatocellular
carcinoma (HCC). However, the relationship between IGF-IR activation and HCC

progression remains identified.

AIM

To investigate the effects of editing IGF-1R on biological features of HCC cells.

METHODS

Immunohistochemistry analyzed the expressions of IGF-1R and P-glyco protein (P-gp)
in HCC tissues and their distal non-cancerous tissues (Non-Ca). IGF-1R was edited with
Crispr/Cas9 system, screened specific sgRNAs, and then transfected into HepG2 cells.
CCK-8, scratch wound test detected cell proliferation, migration, invasion, and

transwell assays, respectively. Alterations of IGF-1R and P-gp were confirmed by




Western blotting. Alterations of anti-cancer drug ICsy values were analyzed at the cell

level.

RESULTS

The positive rates of IGF-IR (93.6%, y2 = 63.947) or P-gp (88.2%, y2 = 58.448) were
significantly higher (P < 0.001) in the HCC group than those (36.6% in IGF-1R or 26.9%
in P-gp) in the Non-Ca group. There were positively correlated between high IGF-1R
and P-gp expression, and they were associated with hepatitis B virus infection and
vascular invasion of HCC. Abnormal expressions of circulating IGF-1R and P-gp were
confirmed and associated with HCC progression. Biological feature alterations of HCC
cells transfected with specific sgRNA showed IGF-1R expression down-regulation, cell
proliferation inhibition, cell invasion or migration potential decreasing, and enhancing

susceptibility of HepG2 cells to anti-cancer drugs.

CONCLUSION
Edited oncogenic IGF-1R was useful to inhibit biological behaviors of HepG2 cells.
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Core Tip: Abnormal expression of insulin-like growth factor-1 receptor (IGF-1R) was
associated with hepatocellular carcinoma (HCC). IGF-1R level was significantly higher
in HCC more than that in their noncancerous tissues. Circulating IGF-1R was continue
to increase from benign liver disease to HCC. Down-regulating expression of IGF-1R

with specific sgRNA was markedly affected on biological behaviors of HCC cells,
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including inhibiting cell proliferation, decreasing cell migration or invasion potential,
increasing cell apoptosis and enhancing cell susceptibility to anti-tumor drugs,
indicated that oncogenic IGF-IR should be a promising targeted-molecule for HCC
therapy.

TRODUCTION

Hepatocellular carcinoma (HCC) still is one of the most common malignant tumors
worldwide, and its increasing incidence might be associated with nonalcoholic fatty
liver disease because of effective control of hepatitis B virus (HBV) or hepatitis C virus
infection['-3l. The limited effective therapies available for advanced HCC patients are
considered with aberrant gene transcriptions that govern crucial signal pathways, high
migration or invasion potential, or multi-drug resistance (MDR) formationl4l. Previous
studies have indicated that the related-signal molecules of the insulin-like growth factor
(IGF) axis play a crucial role in malignant transformation of hepatocytes or HCC
progression. Recently, the genomic sequencing studies of IGFs, type 1 IGF receptor
(IGF-1R), and IGF binding proteins (IGFBPs) have confirmed that IGFs regulate
multiple physiological processes, including mammalian development, metabolism, and
growthl56l. IGF-1R attributes to high-energy intake, cell proliferation, or apoptosis, and
promotes mitogenic pathway activation via tyrosine kinase, conformational changes,
tyrosine autophosphorylation, and insulin-receptor substrate proteinsl”8l, suggesting
that high IGF-1R level might affect ineffective treatment of HCCI%10L.

High IGF-1R expression and MDR with increasing P-glyco protein (P-gp) are major
obstacles to the successful treatment of HCC with chemotherapyl'12, High IGF-1R
mediated mitogenic, differentiating, and anti-apoptotic features were be found in HCC
cells but not in mature hepatocytes['3l. The P-gp, as a member of the superfamily of
ATP-binding cassette transporters, is encoded in MDR 1. MDR emergence is still a
complex problem for effective treatment, and a high P-gp level is closely related to
MDR in HCC. Therefore, it is essential to establish a new technology of MDR reversal,

selectively inhibit P-gp or interfere with the activation of related genes to improve the
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curative effect or prognosis of HCC treatment!'*15]. Although high IGF-1R was
associated with malignant transformation of hepatocytesl!¢l, IGF-1R activation could be
inhibited by small hairpin RNA (shRNA)PL However, the editing of IGF-IR on
biological behaviors or MDR of HCC remain be explored. This study aimed to
investigate the clinicopathological features of IGF-1R or P-gp expression in HCC,
further analyze IGF-1R on effects of biological behaviors of HepG2 cells, and synergistic

role with anti-cancer drugs on reversal MDR of HCC.

MATERIALS AND METHODS
HCC tissues

According to the self-controlled method, a total of 93 pairs of HCC- and their distal non-
cancerous (3 cm to cancer, Non-Ca) tissues were collected after the HCC patient
operation from Feb 2015 to Aug 2016. The prior written informed consent was obtained
from all patients according to the Helsinki Declaration of World Medical Association.
This study was approved by the Ethics Committee permission (TDFY2013008) at the
Affiliated Hospital Nantong University, China. Based on medical records, the cases
were 78 males and 15 females with 35-80 years old (average 55.8 years + 16.1 years).
There were 74 cases with single tumor and 19 cases with multiples; 22 cases with tumor
size > 5.0 cm and 71 cases < 5.0 cm; 36 cases with and 57 without vascular invasion.
Differentiation degree were well (n = 21), middle (n = 49), and poor (n = 23) on the
Edmondson grading system. Clinical staging was 58 cases at I-II and 35 at III-IV on the
tumor-node-metastasis (TNM) classification of the International Union against Cancer.
There were 64.5% (60 of 93) cases with positive HBV surface antigen and 71.0% (66 of
93) with liver cirrhosis. Serum a-fetoprotein (AFP) levels were 34 cases with = 400 pg/L
and 59 with < 400 pg/L. All cases had regular follow-up from operation to death until
Aug 2021. Criteria of HCC diagnosis were set by the Chinese Collaborative Liver

Cancer Research Groupl!'7l.

Tissue microarray and immunohistochemistry
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Liver sections from HCC or Non-Ca tissues were made for constructing tissue
microarray (TMA). They were boiled for antigen retrieval in pH 6.0 citrate buffer and
incubated for 2 h with 1%t mouse anti-IGF-1R (Abcam, United Kingdom) or anti-P-gp
antibodies (Santa Cruz, United States), washing with phosphate-buffered saline (PBS),
and then incubated with horseradish peroxidase (HRP) conjugated goat anti-mouse IgG
(Dako, Carpentaria, United States) and diaminobenzidine solution, counterstained with
Hematoxylin & Xylene. Negative control was used PBS instead of 1st antibodies. Two
independent pathologists examined TMA staining. Positive cells (%) were scored into: 0
(negative, 0%), 1 (weak, 1%-33%), 2 (moderate, 34%-66%), and 3 (strong, 67%-100%).
Liver IGF-1R or P-gp levels were divided into low (0-1) and high (2-3) scores according

to immunohistochemistry (IHC) staining[8l.

Western blotting

Purified proteins from 50 mg of liver tissue or five x 10* cells were quantitatively
detected using BCA assay (Beyotime, China) for the specific concentration/per mg wet
liver or cell protein analysis. Phenyl-methanesulfonyl fluoride (Byotime, China) was
added in case of protein degradation. Proteins (50 pg/ case) from transfected cells were
separated on 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to polyvinylidene fluoride membranes (Millipore, United States) and
blocked in 5% skimmed milk at room temperature, incubated with antibodies of mouse
anti-human IGF-1R or anti-f3- actin (Abcam, United States), and anti-human P-gp (Santa
Cruz, United States) at 4 “Covernight and goat anti-mouse HRP-conjugated IgG (Dako,
United States) at room temperature for 2 h. Protein bands were captured by enhanced
chemiluminescence kit (Millipore, United States) and analyzed by Quantity-one

software (Bio-Rad, United States).

IGF-1R-sgRNA plasmid and In vitro transfection
Human LO2 cells, HCC Bel-7404, Bel-7402, HepG2, and HeH-7 cell lines were obtained
from the Chinese Academy of Sciences (Shanghai, China). HepG2 cell lines were grown




in DMEM (Hyclone, United States) containing 10% FBS (Gibco, United States) at 37 °Cin
a humidified atmosphere of 5% COs. Three candidate sgRNAs targeting human IGF-1R
(NMO000875)221 with Crispr/Cas9 system along with vectors (Lenti-CAS9-puro and
Lenti-sgRNA-EGFP) were designed and constructed by GeneChem (Shanghai, China).
Their sequences were listed as follows: sgRNA1: 5-TCAGTACGCCGTTTACGTCA-3’
(PCA00469); sgRNA2:5-TGTTTCCGAAATTTACCGCA-3"(PCA00470); and sgRNA3:
5-GGCTCTCTCCCCGTTGTTCC-3" (PCA00471). HepG2 cells were divided into blank
control (Con), negative sgRNA-CON244 (sgRNA-Neg), and IGF-1R-sgRNA (sgRNA)
groups. Cell transfection, briefly, five x 104 HepG2 cells at 50% confluency in 6-well
plates were transfected with Lenti-CAS9-puro vector for 48 h and then screened by
puromycin. Following harvest, Lenti-sgRNA-EGFP with different sgRNAs against IGF-
IR was transfected into Cas9-transfected cells. Then the transfection efficacy was

analyzed under a fluorescence microscope (Olympus, Japan).

SURVEYOR assay
DNA of samples with sgRNAs was harvested for PCR and nuclease digestion for
analysis using SURVEYOR Mutation Detection Kits (IDT, United States)”). DNA

fragments were electrophoresed on 2% agarose gel.

Cell proliferation and immunofluorescence staining

Cell proliferation were analyzed by CCK-8 assay using the Cell Proliferation Kit I
(Dojindo, Japan). According to the manufacturer’s instruction (Beyotime, China), the
dark blue formazan crystal was formed. Removed the medium carefully, added
dimethyl sulfoxide, and detected the A values with Multi-Detection Microplate Reader
(Bio-Tek, United States) at 570 nm. Cells (2 x 105) or transfected cells after 48 h were
placed on the bottom with glass coverslips for 24 h, fixed in 4% paraformaldehyde in
PBS (pH 7.5). Cover slips were first immersed for one h in a blocking solution
containing 5% bovine serum albumin in PBS and incubated overnight at 4 °C with

mouse antibodies against IGF-1R (CST, United States). DNA was counterstained with
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4',6- diamidino-2-phenylindole and observed under inverted fluorescence micro-scope.
Levels of IGF-1R expression in culture supernatant were quantitatively detected with an

ELISA kit at 450 nm.

Cell apoptosis and flow cytometry

Effective apoptosis of transfected cells was evaluated by the PE-labeled Annexin- V/7-
AAD assay according to the manufacturer’s protocol. In brief, HepG2 cells (2 x 10°)
were collected, rinsed twice in cold PBS, and added with binding buffer; then, apoptosis
rate was analyzed. After 24 h, they were collecting (including dead cells in culture
medium) and processing cells according to the instructions of Annexin V-FITC/PI
Double stain apoptosis detection kit (#4101-2, Bestbio, Shanghai, China). The
fluorescence intensity on the flow cytometer was collected to immediately check
apoptotic rate (Cytoflex Beckman, China). Three independent experiments were

performed.

Transwell assay

Transwell chambers (8.0 pm pore size, Corning, United States) were adopted for testing
cell migration and invasion assays. Cells were seeded in the upper chamber after
transfection for 24 h. Lower chambers were added 600 pL medium. After 24 h, cells
were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. The upper
chamber cells were wiped with cotton. During the invasion assay, the upper chambers
needed to be pretreated with a 0.3% Matrigel matrix (#356234, Corning, United States)

and incubated at 37 °C 4 h. Three independent experiments were performed.

Cell migration or invasion assay
Quantitative and qualitative analysis of HepG2 cells migration were assessed by in vitro
Transwell assay with modified Boyden Chambers and Transwell-coated Matrigel

membrane filter (BD Biosciences, Bedford, MA, United States). Cells (5 x 10%) from Con,

Neg, and MiR groups (1 = 3/per group) were plated onto the upper compartment
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without FBS or 10% FBS in the lower chamber as a chemoattractant. Fluorescent images
of nuclear Hoechst staining (10 pg/mL) were captured at 24 h of incubation in a 5% CO»
humidified at 37 °C Percentages of migrated cells in each group were counted from 10
random microscope fields for each sample in 3 independent experiments. The modified
Boyden Chambers without the Transwell-precoated Matrigel membrane filter in the

above method was performed for cell migration analysis.

Drug sensitivity tests

HCC cells were seeded to 96-well plates (5000 cells/well) and placed in the incubator
for 24 h under cell culture conditions. The culture medium is then replaced by serum-
free medium containing varying dosages of Sorafenib (Bayer Corporation, Germany)
from 0.001 to 1000 pmol/L, and oxaliplatin (Jiangsu AoSaikang pharmaceutical Co.
China) from 0.001 to 1000 nmol/L, where appropriate. Dose-response curve and ICsp
calculation were analyzed by evaluating the cell viability using the Cell Counting Kit,
CCK-8 (Tojindo), 48 h after drug treatment with the nonlinear regression method by
GraphPad Prism 5.0 software (San Diego, CA, United States).

Statistical analysis

Continuous variables are expressed as means + SD. Data were analyzed by using SPSS
software (version 20.0). Favorable rates and clinicopathological features of IGF-IR or P-
gp expression were evaluated by y2 test, Wilcoxon signed-rank test in paired tissue
samples; Between-group differences were assessed by f-test or one-way analysis of

variance. A P value less than 0.05 value was considered statistically significant.

RESULTS

IGF-IR or P-gp with HCC patients survival

Comparative analysis of the representational IHC staining of IGF-IR or P-gp from the 93
pairs of HCC or their distal non-cancerous tissues (Non-Ca) is shown in Figure 1.

According to the hepatic IGF-IR or P-gp staining, there were the stronger in the HCC
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group (Figure 1A and B), the lighter or non-expression in the Non-Ca group (Figure 1
A1l and B1). Both brown positive staining particles were mainly located in the cytosol
with the clearly heterogeneous distribution. Specific concentrations of IGF-1R/per mg
wet tissues (f = 23.451, P < 0.001, Figure 1 A2) or P-gp/per mg wet tissues (f = 19.832, P
< 0.001, Figure 1 B2) were quantitatively detected, with significantly higher expression
in the HCC group more than those in the Non-Ca group. Abnormal expressions of IGF-
1R (Figure 1 A3, 130 kD) or P-gp (Figure 1 B3, 142 kD) were confirmed by Western
blotting, with high ratios (P < 0.001) from IGF-1R to p-actin (Figure 1 A3) or P-gp to [3-
actin (Figure 1 B3) expression in the HCC group more than those in the Non-Ca group.
According to the cumulative survival curves, there were shorter survival times in HCC

patients with high IGF-1R (Figure 1C) or P-gp (Figure 1D) expression.

Clinicopathological features of IGF-IR or P-gp expression

The summary of hepatic IGF-IR or P-gp expression and its scores between HCC and D-
can tissues are shown in Table 1. The positive rates of IGF-IR expression were 93.6% in
the HCC group, with significantly higher (y?>= 63.947, P < 0.001) than that in the D-can
group (36.6%). Furthermore, the higher IGF-IR with 2-3 scores in the HCC group
(82.8%) was significantly higher (Z = 9.682, P < 0.001) than H-ﬁt in the D-can group
(9.7%). Similar to IGF-1R expression, the positive rates of P-gp expression in the HCC
group (88.2%) was significantly higher (y2= 58.448, P < 0.001) more than that in the D-
can group (26.9%), and the higher P-gp with 2-3 scores in the HCC group was 74.2%
was significantly higher (Z = 8.941, P < 0.001) more Ean that in the D-can group (0%).
The clinicopathological features of IGF-IR or P-gp expression in HCC are shown in
Table 2. The higher expression of IGF-IR in the HCC group was closely related to
vascular invasion, HBV infection, and middle or poor differentiation degree, but not to
age or gender of patients, AFP level, TNM stage, liver cirrhosis, and tumor size. Also,
the abnormal P-gp levels in the HCC group were closely related to vascular invasion,
HBYV infection, poor differentiation degree, and TNM stage, but not to age or gender of

patients, AFP level, liver cirrhosis, and tumor size or number.
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Circulating IGF-IR or P-gp levels in liver diseases

Comparative analysis of IGF-IR and P-gp levels in sera of patients with liver diseases
are shown in Table 3. Significant differences were found in circulating IGF-1R (F =
154.501, P < 0.001) or P-gp (F = 66.182, a< 0.001) levels among different liver disease
groups, with high IGF-1R or P-gp levels in the HCC group more than those in the liver
cirrhosis or chronic hepatitis or healthy control group. The incidences of IGF-1R over
600 pg/ mL or P-gp over nine ng/mL were 86% or 75% in HCC patients, and less than
20% in patients with other diseases, with an increasing tendency from chronic hepatitis,
liver cirrhosis to HCC. IGF-1R or P-gp expressions were 93.0% or 87.2% in sera of HCC
patients, 25.5% or 26% in sera of cases with liver cirrhosis, and 5% or 8% in sera of cases
with chronic hepatitis, respectively. A closely positive correlation (r = 0.682, P < 0.001)

was found between IGF-1R or P-gp expression and liver disease progression.

Editing IGF-IR with cell proliferation inhibition

Human HepG2 cells were divided into control, sgRNA-neg, and sgRNA2 groups. Using
the CRISPR/Cas9 system, human IGF-IR in HepG2 cells genetically modified and the
editing IGF-1R on effects of HepG2 cell proliferation and P-gp expression are shown in
Figure 2. The IGF-1R in HepG2 cells was the strongest expression among LO2 cells (A
& A1), increasing P-gp levels after HepG2 cells plus drug treatment (HepG2/ADM
cells, B & B1). Comparative analysis of the constructed-sgRNA1-3 and sgRNA-neg
plasmids into HepG2 cell lines, the transfected efficiencies were 91% for sgRNA1 (C1 &
D1), 90% for sgRNA2 (C2 & D2), 88% for sgRNA3 (C3 & D3), and 86% for sgRNA-neg
(C4 & D4) plasmids, respectively. The IGF-IR expression in the transfected HepG2 cells
were confirmed by Western bolting (E, Upper), and the relative ratios of IGF-1R to -
actin were 1.32 + 0.13 in the control group, 1.14 + 1.23 in the sgRNA-neg group, 1.01 +
0.94 in the sgRNA1 group, 0.43 + 0.79 in the sgRNA2 group, and 0.99 + 0.82 in the
sgRNA3 group (E, Down), respectively. Specific sgRNA were chosen to study further,
the curves of the transfected HepG2 cell proliferation were significantly inhibited (P <
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0.01) in a time dependence manner, and the inhibiting rate were 0.31 + 0.08 on the 1¢
day, 042 + 0.14 on the 2nd day, and 0.62 + 0.21 in the 34 day (F & G). Also, the
decreasing P-gp level in the HepG2/ADM cells is transfected with sgRNA2 (H).

Effects of edited IGF-IR on the biological features of HepG2 cells

Editing IGF-IR on effects of HepG2 cell apoptosis, migration, and invasion are shown in
Figure 3. HepG2 cells transfected with specific sgRNA2 besides inhibiting proliferation,
targeting IGF-IR also directly affected the biological function of HepG2 cells by the
analysis of flow cytometry. Apoptotic rates of HepG2 cells in the sgRNA2 group
(56.25%) were significantly higher (P < 0.01, Figure 3A Left) than those in the sgRNA-
neg group (5.98%) or control group (5.66%). Edited IGF-IR%

phase of HepG2 cells (P < 0.01, Figure 3A Right). The numbers of cell migration were
2923 + 28.6 in the sgRNA2 group and significantly lower (F = 391.322, P < 0.001) than
those in the sgRNA-neg (564.5 + 15.8, g = 35.241, P < 0.001) or the control (580.5 + 15.2, q
= 35.214, P < 0.001) group (Figure 3B). The numbers of cell invasion in the sgRNA2

ed to cell cycle arrest in G1

group (59.3 £ 19.1) was significantly lower (F = 69.510, P < 0.001) than those in the
sgRNA-neg (165.5 £ 24.8, g =13.684, P < 0.001) or control (176.1 £ 12.2, g =15.102, P <
0.001) group (Figure 3C). There was no significantly differences of cell migration or
invasion between the control group and the sgIGF-1R-neg group. These data indicated
that edited IGF-IR might be obviously decreasing invasion or migration potential of

HepG2 cells.

Synergistic effect of sgRNA with anti-cancer drugs

The synergistic effect of specific sgRNA with anti-cancer drugs on inhibition of HepG2
cell growth is shown in Table 4. HepG2 cells with or without transfected sgRNA were
exposed to sorafenib from 0.0 nmol/L to 80.0 nmol/L or oxaliplatin from 0.0 pmol/L to
40 pmol/ L for 24 h, and cell survival rates were assessed using the CCK-8 assay. IGF-1R
expression was down-regulated by sgRNA in a dose-dependent manner, especially at

20 nmol/L with high inhibiting effects on HCC cells. ICsp values were 16.9 nmol/L in
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the control group, 16.5 nMo/L in the sgRNA-neg group, and 4.4 nmol/L in the sgRNA
group. Similar to sorafenib, the specific sgRNA plus oxaliplatin had higher inhibitory
effects on the cells. ICs values were 14.6 nmol/L in the control group, 14.2 nmol/L in
the sgRNA-neg group, and 8.2 nmol/L in the sgRNA group. These data indicated that

HCC cells transfected with specific sgRNA could be more sensitive to anti-cancer drugs.

DISCUSSION

Accumulating data of basic and clinical studies have indicated that many kinds of
signaling are associated with HCC hypoxic microenvironment and oncogenesis!?l. IGF-
IR activation was related to malignant transformation of hepatocytes(!!], specific sShRNA
for inhibiting IGF-IR1Y, IGF-1R tyrosine kinase inhibitors and vitamin K1 enhancing the
antitumor effects of regorafenibl®l, and miRNA-187 inhibits HCC growth and metastasis
vin targeting IGF-1RIPl have been explored. This study confirmed high IGF-IR
expression in cancerous tissues that were related to poorly differentiated degree, shorter
survival, TNM stage, and lymph node metastasis of HCC; also, serum IGF-1R level in
the HCC group was significantly higher than those in chronic hepatitis, liver cirrhosis
or control group, indicating that IGF-IR should be an essential signaling for the
formation, progression and poor prognosis of HCCI21l.

IGF-1R signaling regulates cell differentiation, organ development, and tissue
regeneration during embryonic development. Also, IGF-1R as a critical molecule of the
IGF axis was associated with the progression and drug resistance of HCC, and it could
promote cell proliferation and activate HCC reprogramming in the liver, especially in
patients with chronic liver diseases!?l. Dysregulation of IGF-1R signaling might activate
expression of HCC stemness that leads to hepatocytes malignant transformation,
especially in HBV-related HCCI!! or rat hepatocarcinogenesis with abnormal IGF-1R or
CD44 activation!'.Z%], In this study, the relationship between high IGF-1R and increasing
P-gp were analyzed, that both were significant obstacle to the successful treatment of

HCC with chemotherapy. High IGF-1R mediated mitogenic, differentiating, and anti-
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apoptotic features and P-gp was related to MDR of HCC patients, suggesting that high
IGF-1R and P-gp expression might affect in the effective treatment of HCC.

Hepatic IGF-1R as a multifunctional regulatory factor plays an importanta vital role
in HCC occurrence and progression. Abnormal activation of IGF-1R signaling promotes
the proliferation, dissemination, and aggressive behaviors of HCC cells2425l. In this
study, higher IGF-1R expression is consistent with the level in HCC tissues, circulating
blood, and HepG2 cells. Down-regulating IGF-1R has an anti-cancer effect through
increasing apoptosis, inhibiting growth of HCC cell proliferation, decreasing migration
or invasion of HepG2 cells, and cell cycle arrest in the G1 phase, because of IGF-1R as
an essential transmembrane protein for the related-pathway activation via its tyrosine
kinasel®l, suggesting that oncogenic IGF-IR could be a molecule-targeted for HCC
therapy.

Acquiring resistance to chemotherapy remains a significant hurdle to effective HCC
treatment(?.28]. Biomarker P-gp as an MDR-associated protei (MRP1/ABCC1) is
considered a prime factor for MDR inductioni2?l. The critical role of nuclear factor-
kappa B (NF-xB) is to induce MDR in tumor models characterized precisely by innate or

quired MDR, particularly HCCI430. Different pharmacological approaches have been
employed to reduce the eﬁ:ﬂression /activation of this transcriptional factor and thus to
restore chemosensitivity. Scientific evidence was found by the most significant clinical
trials regarding NF-xB and new perspectives on the possibility to consider this
transcriptional factor a valid drug target in neoplastic diseasesP!l. Both high P-gp and
IGF-1R levels are common in HCC. In this study, the specific sgRNA plus anti-tumor
drugs had higher inhibitory effects on HCC cells, and the drug ICso values were
significantly decreased with inhibiting cell proliferation of HCC in the sgRNA group,
indicating that HCC cells transfected with sgRNA could be more sensitive to anti-

cancer drugs via inhibiting the NF-«xB pathway 32,

CONCLUSION
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In conclusion, the high IGF-1R or P-gp expression has been confirmed related to the
progression or therapeutic effect of HCC. Although the accurate mechanism for IGF-1R
reactivation in HCC remains be explored, specific edited oncogenic IGF-1R gene is
promising for inhibiting proliferation, altering biological behaviors, or as potential
modulators for reversal MDR of HCC cells. Further studies should clarify the exact
relationship between up-regulating IGF-1R and MDR formation. However, IGF-1R as a
critical signaling molecule of the IGF axis might be a novel effective target for inhibiting

HCC growth or reversal MDR of HCC.

ARTICLE HIGHLIGHTS

esearch background
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death,
with a high incidence and mortality rate in China. Insulin-like growth factor 1 receptor
(IGF-1R) signaling triggers cell proliferation, liver growth, and tissue regeneration
during embryonic development. Unbalanced IGF-1R signaling can promote HCC cell
proliferation, and regulating IGF-1R gene transcription should be useful as a potential

therapy targeting HCC.

Research motivation

IGF-1R as key signaling of the IGF axis in HCC progression was investigated in sera or
tissues from HBV-related HCC patients, analyzed the relationship between IGF-1R and
multi-drug resistance (MDR), and edited the IGF-IR gene for downing-regulating
expression to confirm effects on proliferation and a potential therapeutic role for HCC

cells.

Research objectives
The expressing statues and clinicopathological characteristics of IGF-IR or P-glyco
protein (P-gp) were investigated in the circulating blood and tissues of HCC patients,

and editing IGF-1R gene at the mRNA transcription level to observe effects on
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biological behaviors HepG2 cells, and synergistic role with anti-cancer drugs on

reversal MDR of HCC.

Research methods

Comparative analysis of IGF-1R and P-gp expression in tissues or sera of HCC patients
were analyzed by immunohistochemistry and confirmed by Western blotting. Specific
sgRNA was screened among editing IGF-1R gene with Crispr/Cas9 system and then
transfected into HepG2 cells. CCK-8, scratch wound test detected HCC cell

proliferation, migration, invasion, and transwell assay, respectively.

Research results

Abnormal over-expression of IGF-1R and P-gp were confirmed in tissues or sera of
HCC patients, with a positive closely correlation between IGF-1R and P-gp and related
to HBV infection or vascular invasion during HCC progression. HepG2 cell biological
features were altered by specific IGF-1R-sgRNA with down-regulation, cell
proliferation inhibition, cell invasion or migration potential decreasing and enhancing

cell susceptibility to anti-cancer drugs.

Research conclusions

Based on this these studies, high IGF-1R or P-gp expression has been confirmed related
to the progression or therapeutic effect of HCC. Although the accurate mechanism for
IGF-1R reactivation in HCC remains be explored, specific edited oncogenic IGF-1R gene
is promising for inhibiting proliferation, altering biological features, or as potential

modulators for reversal MDR of HCC cells.

Research perspectives
Abnormal expression of hepatic IGF-1IR level was associated with HCC progression.

Inhibiting IGF-1R expression could markedly effect on biological behaviors of HCC cell




proliferation, migration or invasion, cell apoptosis, and drug susceptibility, suggesting

that the IGF-1R gene should be a promising targeted molecule for HCC therapy.
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