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Purpose: Fanconi anemia complementation group I (FANCI) is a key protein in ribosome
biogenesis and DNA repair. Here, we aimed to determine the clinical significance, prognostic
value and biology functions of FANCI in lung adenocarcinoma (LUAD).

Methods: The expression of FANCI in LUAD tissue and its relationship with patient outcomes
were assessed using bioinformatics analysis, as well as quantitative reverse-transcription PCR
(qRT-PCR) and Western blot analysis of LUAD tissue and adjacent normal lung tissue. The chi-
squared test and Cox regression analysis were used to analyze the clinical significance of FANCI
expression. The biological effects of FANCI knockdown in human LUAD cell lines were
investigated by analysis of proliferation, colony formation, cell cycle distribution, migration,
and invasion in vitro, and monitoring of tumor xenograft growth in vivo. FANCI interactions
with IMPDH2 and involvement in MEK/ERK/MMPs signaling were analyzed using co-
immunoprecipitation assays, immunofluorescence microscopy, and Western blotting.

Results: FANCI was identified as a hub gene for LUAD. FANCI expression was upregu-
lated in LUAD tissues compared with normal lung tissues and was positively associated with
lymphatic metastasis, distant metastasis, and poor outcome. FANCI was also an independent
prognostic factor in LUAD patients. Knockdown of FANCI in LUAD cell lines decreased
their proliferation, migration, invasion, and cell cycle progression in vitro, and decreased the
growth of xenografts in mice. Direct binding of FANCI to IMPDH2 decreased IMPDH2
degradation, regulated activation of MEK/ERK/MMPs signaling. Overexpression of
IMPDH?2 reversed the inhibitory effects of FANCI knockdown.

Conclusion: FANCI may act as an oncogene in LUAD by cooperating with IMPDH2 to
promote cell proliferation via the MEK/ERK/MMPs pathway. These results identify FANCI
as a potential prognostic biomarker and therapeutic target for LUAD.
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Introduction

Lung adenocarcinoma (LUAD) is one of the most common and lethal malignant
cancers worldwide.! Despite advances in the diagnosis and treatment of LUAD, its
prognosis remains poor.” Therapies targeted at suppressing driver genes, including
epidermal growth factor receptor (EGFR, HGNC ID: 8236) and anaplastic lymphoma
kinase (ALK, HGNC ID: 427), have been shown to extend the survival time and
improve the quality of life of LUAD patients. However, the emergence of resistance
limits the clinical utility of such drugs. Hence, there is an urgent need to identify the
molecular mechanisms associated with the progression of LUAD, thereby advancing
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the discovery of novel diagnostic/prognostic biomarkers and
potential therapeutic targets.

Fanconi anemia (FA) is a rare syndrome caused by muta-
tions in the FA family of proteins, leading to chromosome
instability, bone marrow failure, and other pathologies,
including cancer.>* The FA protein family consists of 15
members that regulate cell cycle progression and DNA
damage repair.’ Several studies have investigated the role
of FA proteins in the occurrence and development of cancer.
For example, Yao et al showed that FANCF (HGNC ID:
3587; UniProt ID: QINPIS) plays a key role in the drug
resistance of leukemia cells via regulation of DNA repair,’
while Park et al showed that deficiency of FANCD2 (HGNC
ID: 3585, UniProt ID: Q9BXW?9) leads to skin cancer.” He
et al found that inhibition of FANCF (HGNC ID: 3587,
UniProt ID: QI9NPI8) reversed the resistance of ovarian
cancer cells to adriamycin,® and Dai et al suggested that
knockdown of FANCL (HGNC ID: 20748, UniProt ID:
QINW38) promotes the chemosensitivity of cisplatin-
resistant lung cancer cells to cisplatin.’

Inosine monophosphate dehydrogenase type 11 (IMPDH2;
HGNC ID: 6053, UniProt ID: P12268) catalyzes the conver-
sion of inosine monophosphate (IMP) to xanthosine monopho-
sphate and is a rate-limiting enzyme in the de novo
biosynthesis of guanine nucleotides.'® Previous studies
showed that IMPDH?2 is highly expressed in several cancers,
such as kidney and bladder cancer,'' and IMPDH2 has been
shown to promote colorectal cancer cell proliferation by acti-
vating the AKT-mTOR (UniProt ID: Q96B36 and P42345,
High
of IMPDH2 is associated with poor outcome in breast

respectively)  signaling  pathway.'? expression
cancer' and predicts poor prognosis in human hepatocellular
carcinoma.'* IMPDH2 expression is regulated by proteins
such as ANKRD9 (UniProt ID: Q96BM1)"® that directly
bind to and promote the degradation of IMPDH2.

In the present study, we aimed to investigate the expres-
sion, biological functions, and mechanism of action of FANCI
(HGNC ID: 25568; Uniport ID: QINVI1) in LUAD, as well
its clinical significance. We show that FANCI promotes the
development of LUAD and may be an independent prognostic

factor and potential therapeutic target for this disease.

Materials and Methods
Bioinformatics Analysis of Hub Genes in

LUAD
Two gene expression datasets (GSE2514 and GSE62113) of
LUAD tissues and adjacent normal lung tissues were

downloaded from the Gene Expression Omnibus database.
After normalization of expression data, differentially
expressed genes (DEGs) between tumor and normal tissue
were identified using cutoff values of log fold-change (FC)
>] and P<0.05. DEGs common to both GSE2514 and
GSE62113 were uploaded to the online website STRING,
and the relationship between DEGs was visualized using
Cytoscape. The top 25 genes based on degrees were used to

construct a protein—protein interaction subnetwork.

Bioinformatics Analysis of FANCI

Expression and Diagnostic Value

The expression of FANCI was analyzed using the
Oncomine database with the GEPIA online tool. DEGs
were selected using a threshold of log FC>1 and P<0.01.
The relationship between FANCI expression and prognosis
was analyzed using OncoLnc, with P<0.05 set as the cut-
off for significance.

Patients and Tissue Collection

We enrolled a total of 80 patients with LUAD between
January 2013 and January 2019 at Jingchu Center Hospital
Affiliated to The Institute of Technology, Jingmen (Hubei,
China). The Medical Ethics Committee of the hospital
approved the study. All patients provided written informed
consent, and that this was conducted in accordance with
the Declaration of Helsinki. The inclusion criteria were: (i)
a diagnosis of LUAD with complete pathological reports,
(i1) both tumor and adjacent non-tumor tissues were avail-
able, (iii) staging information was complete, (iv) age <80
years, (v) home address and telephone number were avail-
able, and (vi) patients received only standard chemother-
apy after collection of tissue samples. The exclusion
criteria were: (i) a history of malignancies other than
LUAD, (ii) antitumor therapy before collection of tissue
samples, (iii) received targeted therapy or immunotherapy-
related drugs during the follow-up period, (iv) withdrew
from treatment, and (v) did not approve use of their tissues
for this study. All samples were stored in liquid nitrogen
before analysis.

Cell Culture and Knockdown/

Overexpression Vectors

The human LUAD cell lines A549, H1299, PC9, H1975, and
SPCAL1 and the lung epithelial cell line BEAS-2B were
purchased from American Type Culture Collection
(Manassas, VA, USA) and cultured in DMEM medium
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(Gibco, Carlsbad, CA, USA) containing 10% fetal bovine
serum (FBS; Gibco) at 37°C in a 5% CO, atmosphere. Three
distinct short hairpin RNA (shRNA) sequences targeting
human FANCI were synthesized (RIBO) and cloned into
pSuper-retro-puro to generate pSuper-retro-FANCI-RNAI
plasmids. The sequences were: RNAi#1, ATGTAAGCTCG
GAGCTAATAT; RNAi#2, CATGTGGAAGGCACCATT
ATT; and RNAi#3, CAATTGCCACGAACGGTAATG. An
IMPDH2 overexpression lentivirus was constructed by sub-
cloning PCR-amplified full-length human IMPDH2 cDNA
into the pMSCV retrovirus plasmid. Cells with stable
IMPDH2 overexpression or FANCI knockdown were
selected for 2 weeks with 0.5 pg/mL puromycin after trans-
fection or infection.

Quantitative Reverse-Transcription PCR
(qQRT-PCR)
Total RNA was extracted from cell lines and frozen tissues
using TRIzol reagent (Yeasen Shanghai, China) and cDNA
was synthesized using a qPCR RT Master Mix Kit
(Yeasen) according to the manufacturers’ instructions.
gPCR was performed using a SYBR Green Assay Mix
(Takara, Japan) and a CFX96 real-time PCR detection
system (Bio-Rad). The 27**T method was used to measure
the relative expression of target genes. Glyceraldehyde
3-phosphate dehydrogenase GAPDH was amplified as an
internal control. The primer sequences (Sangon Biotech,
Shanghai, China) were:

FANCI forward: CCACCTTTGGTCTATCAGCTTC,

FANCI reverse: CAACATCCAATAGCTCGTCACC,

GAPDH forward: GGAGCGAGATCCCTCCAAAAT,
and

GAPDH reverse: GGCTGTTGTCATACTTCTCATGG.

Western Blot Analysis

Total protein was extracted from cells using RIPA buffer
(Boster, Wuhan, China) containing the protease inhibitor
PMSF (Boster). Proteins were resolved by SDS-PAGE and
transferred to PVDF membranes. The blots were blocked by
incubation with 5% fat-free milk at room temperature for 2
h and then incubated overnight at 4°C with a 1:500 dilution
of antibodies to the following proteins: FANCI (Santa Cruz
Biotechnology, Dallas, TX, USA), IMPDH2, MEKI/2,
ERK1/2, MMP2, MMP9, GAPDH (all Proteintech, Wuhan,
China), phospho (p)-MEK1/2, and p-ERK1/2 (both Cell
Signaling Technology, Danvers, MA, USA). The membranes
were washed three times with TBST and then incubated for 2

h with horseradish peroxidase-conjugated rabbit or mouse
secondary antibodies. After signal development, expression
of proteins was analyzed using ImageJ software (National
Institutes of Health, Bethesda, MD, USA).

Proliferation Assay

Aliquots of 5x10° cells/well were seeded into 96-well
plates and incubated at 37°C for the indicated times. Cell
Counting Kit-8 (CCK-8, Boster) solution (10 puL) was then
added to each well, the plates were incubated for an addi-
tional 2 h, and absorbance at 450 nm was measured. All
experiments were performed in three times.

Colony Formation Assay

Aliquots of 5x10? cells/well were seeded into 6-well plates
and cultured for 2 weeks, with the medium replaced every
4 days. At the end of the incubation period, the cells were
fixed in 4% paraformaldehyde for 15 min and then incu-
bated in 1% crystal violet stain. Colonies were enumerated
and photographed.

Cell Cycle Distribution Assay

Cells were incubated in DMEM medium without FBS for 24
h to synchronize cell growth, and the medium was then
exchanged for DMEM with 10% FBS. After 48 h culture,
the cells were fixed in 75% ethanol at —20°C for 24 h, washed
with PBS three times, resuspended in propidium iodide (PI)-
RNase A solution (Invitrogen, USA), and incubated at 37°C
for 30 min. Cell cycle distribution was analyzed using
a FACScan flow cytometer (BD Biosciences, San Jose,
CA, USA).

Wound Healing Assay

Aliquots of 1x10° cells/well in DMEM medium without FBS
were seeded into 6-well plates and grown to confluence. A 100
pL pipette tip was then used to scratch a wound in the cell
monolayer, and floating cells were removed. The medium was
exchanged to DMEM without FBS and the plates were incu-
bated at 37°C. At the indicated times, the cells were observed
using an inverted microscope, and the change in wound area
was measured using ImageJ software.

Invasion Assay

Aliquots of 4x10° cells in 200 pL DMEM without FBS were
seeded into the upper wells of Transwell chambers
(Invitrogen, USA) coated with Matrigel (Invitrogen, USA).
DMEM with 10% FBS (600 pL) was added to the lower
chambers and the cells were incubated for 28 h. Invaded cells
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on the lower sides of the membrane were then fixed with
paraformaldehyde and stained with 0.5% crystal violet.
A total of five fields of view were visualized using an
inverted microscope and photographed, and the number of
invasive cells per field was counted.

Mouse Tumor Xenografts

Ten 6-week-old female BALB/c nude mice were pur-
China).
Aliquots of 1x107 A549 cells expressing negative control
shRNA (NC) or FANCI-targeting shRNA (sh-FANCI)
were suspended in 100 pL medium and injected subcuta-

chased from Beijing Huafukang (Beijing,

neously into the right flanks of mice (n=5 per group).
Tumor size and mouse weight were recorded weekly for
5 weeks. The mice were then sacrificed and the tumors
were excised and weighed. The animal experiments were
approved by the Animal Care and Use Committee of
Jingchu Center Hospital Affiliated to The Institute of
Technology, and was carried out following the Animal
Protection Law of the People’s Republic of China-2009.

A GSE2514

GSE62113

Immunoprecipitation Analysis

Cell lysates were incubated with anti-FANCI or anti-
IMPDH2 primary antibody overnight at 4°C, and protein
A/G-Sepharose beads (MCE, Wuhan, China) were added
for an additional 4 h. The beads were collected and
washed, and co-precipitated proteins were eluted, sepa-
rated by SDS-PAGE, and detected by immunoblotting
with anti-FANCI and anti-IMPDH2 primary antibodies as
described above.

Immunofluorescence Microscopy

Cells were fixed with paraformaldehyde, blocked with 5%
BSA (Boster), and incubated with mouse anti-FANCI and
rabbit anti-IMPDH2 primary antibodies. The cells were
washed with PBS and then incubated with FITC-
conjugated anti-mouse (Boster) and Cy3-conjugated anti-
rabbit (Boster) secondary antibodies. Nuclei were stained
with 4',6-diamidino-2-phenylindole (Boster). Finally, the
cells were visualized by fluorescence microscopy and

photographed.
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Figure | FANCI is a predicted hub gene in LUAD. (A) Venn diagram showing individual and shared differentially expressed genes (DEGs) in the GSE2514 and GSE62113
genesets. (B) Protein—protein interaction network of shared DEGs visualized in Cytoscape. (C) Construction of a protein—protein interaction subnetwork from DEGs with
the top 25 degree scores, with FANCI highlighted. (D) Expression of FANCI in various cancers identified using the Oncomine database. Red and blue indicate upregulated
and downregulated genes, respectively. (E) Expression of FANCI in LUAD tissues and adjacent normal tissues identified using the GEPIA database. *P<0.05. (F) Relationship

between prognosis and FANCI expression analyzed using the OncolLnc database.
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Gene Set Enrichment Analysis (GSEA)

LUAD samples in GSE62113 were assigned to two groups
based on high and low FANCI or IMPDH2 expression.
GSEA software was employed to explore pathways regulated
by FANCI and IMPDH?2 by detecting enrichment of DEGs in
a priori defined pathways between the high and low expres-
sion groups. P <0.05 was set as the threshold of significance.

Statistical Analysis

Statistical analysis was performed with GraphPad Prism 6.01
software. One-way ANOVA and Student’s ¢-test were used to
evaluate differences between groups. The Kaplan—Meier
method was used to estimate the overall survival of patients,
and the log rank test was used to determine differences
between groups. The significance of clinicopathological
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traits were analyzed using the chi-squared test and univariate
and multivariate Cox regression analyses. P<0.05 was con-
sidered statistically significant.

Results
FANCI Is a Predicted Hub Gene for
LUAD

To identify genes that play a key role in the progression of
LUAD, we analyzed two gene expression datasets,
GSE2514 and GSE62113, from the Gene Expression
Omnibus. We identified 215 genes that were expressed in
LUAD tissues but not adjacent tissues in both datasets
(Figure 1A). To understand the function of the DEGs, we
constructed a protein—protein interaction network from the
genes with the top 25 degrees. This analysis identified
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Figure 2 FANCI is upregulated in LUAD tissues and cell lines. (A) qRT-PCR analysis of FANCI mRNA levels in 80 pairs of LUAD tissues and adjacent tissues. (B) Kaplan—
Meier overall survival analysis of the 80 LUAD patients assigned to FANCI low and high expression groups. (C) qRT-PCR analysis of FANCI mRNA levels in human LUAD
cell lines A549, H1299, PC9, H1975, SPCAI, and the lung epithelial cell line BEAS-2B. (D) Western blot analysis of FANCI protein levels in the indicated cell lines. (E)

Relative statistics for the western blot result in (D). *P<0.05, **P<0.01.
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FANCI as a hub gene for LUAD, although its pathological
role was unknown (Figure 1B and C). Analysis of Oncomine
and GEPIA datasets verified that FANCI is highly expressed
in LUAD tissues compared with adjacent tissues (Figure 1D
and E, P<0.05), and analysis of TCGA datasets revealed that
high expression of FANCI was associated with poor out-
come in LUAD patients (Figure 1F, P=0.0113).

FANCI Is Upregulated in LUAD Tissues
and Its Expression Level Predicts Poor

Prognosis

To verify the results obtained by bioinformatics, we performed
gRT-PCR analysis of 80 pairs of LUAD tissues and adjacent
tissues obtained from patients at our hospital. The results not
only confirmed that FANCI expression was higher in LUAD
tissues than in adjacent tissues (Figure 2A, P<0.05) but also
showed that high FANCI expression was associated with
a low overall survival rate (Figure 2B, P=0.0142). Similarly,
FANCI mRNA and protein were both highly expressed in
human LUAD cell lines (Figure 2C and D, P<0.05). We next
assessed the clinicopathological significance of FANCI
expression and discovered that it was positively associated
with lymphatic metastasis (y°=8.584, P=0.003) and distant
metastasis ()(2=8.455, P=0.004; Table 1). Furthermore, Cox
regression analysis demonstrated that FANCI expression
was an independent factor for predicting patient outcome
(Table 2, P<0.05), suggesting that FANCI may have utility
as a prognostic biomarker in LUAD.

Knockdown of FANCI Inhibits LUAD

Cell Proliferation in vitro

To assess the biological functions of FANCI in LUAD, we
knocked down FANCI in the human LUAD cell lines A549
and H1299 cell using three FANCI-targeted shRNAs.
Western blot analysis showed that sh3-FANCI was the most
effective silencer of expression (Figure 3A and B), and this
shRNA was selected for further experiments. Functional
assays of A549 and H1299 cells demonstrated that FANCI
knockdown decreased cell proliferation, as measured using
the CCK-8 assay (Figure 3C, P<0.05), and suppressed colony
formation (Figure 3D, P<0.05) compared with control cells
expressing NC shRNA. In addition, cell cycle distribution
analysis showed that the proportion of sh3-FANCI-
expressing cells in G1 phase was significantly higher, while
the proportion of cells in G2 phase was significantly lower,
compared with control cells (Figure 3E, P<0.05). Taken
together, these data showed that knockdown of FANCI in

Table | Relationship Between FANCI Expression and
Clinicopathological Traits in Patients with LUAD

Clinicopathological n | FANCI X2 P
Feature Expression
High | Low
Gender 0.228 | 0.633
Male 54 | 26 28
Female 26 | 14 12
Age(years) 0.464 | 0.496
<60 47 | 22 25
260 3318 15
Turmor size (cm) 0.802 | 0.37
<3 42 (19 23
>3 38 | 21 17
Lymphatic metastasis 8.584 [ 0.003**
NO 45 | 16 29
NI-N3 35| 24 I
Disant metastasis 8455 | 0.004**
MO 41 | 14 27
Ml 39 | 26 13

Note: **P<0.01.

LUAD cells inhibited their proliferation and promoted cell
cycle arrest in vitro.

Knockdown of FANCI Decreases LUAD

Cell Migration and Invasion in vitro

Next, we analyzed the effects of FANCI on LUAD cell migra-
tion and invasion using wound healing and Transwell invasion
assays, respectively. The results showed that knockdown of
FANCI significantly decreased the ability of A549 and H1299
cells to migrate (Figure 4A, P<0.05) and undergo invasion
(Figure 4B, P<0.05), suggesting that FANCI may be required
for the metastatic behavior of LUAD cells in vivo. Because
MMPs are key proteins for tumor metastasis, we examined the
expression of MMP2 and MMP9 in LUAD cells by Western
blotting. These experiments showed that expression of both
sh3-FANCI-
expressing cells compared with control cells (Figure 4C and
D, P<0.05). These data demonstrate a role for FANCI in
promoting the migration and invasion of LUAD cells in vitro.

enzymes was significantly decreased in

Knockdown of FANCI Decreases the

Growth of A549 Tumor Xenografts in vivo
To determine whether FANCI affected the proliferation of
LUAD cells in vivo, we injected control (NC) or sh3-
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Table 2 Prognostic Value of FANCI Expression in Patients with LUAD
Clinicopathological Features Univariate Analyses Multivariate Analyses
HR 95% (CI) P value HR 95% (CI) P value
Age (years) <40 1.00 0.91-1.43 0.63
>40 .17
Gender Female 1.00 0.85-1.50 0.42
Male .13
Tumour size <3 cm 1.00 1.43-2.68 0.02* 1.00 I.16-1.59 0.21
>3 cm 2.1 1.52
Lymphatic metastasis NO 1.00 1.65-2.94 <0.01%* 1.00 1.46-2.55 0.02*
NI-N3 2.37 2.1
Disant metastasis MO 1.00 2.67-3.42 <0.01** 1.00 1.77-3.11 <0.01**
MI 3.14 2.67
FANCI expression Low 1.00 1.8-2.89 0.01* 1.00 1.41-2.37 0.03*
High 2.31 2.07

Note: *P<0.05, **P<0.01.

FANCI-expressing A549 cells subcutaneously into groups of

nude mice and monitored tumor growth and body weights for
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Figure 3 Knockdown of FANCI inhibits the proliferation of LUAD cells in vitro. (A, B) Western blot analysis of the knockdown efficiency of sh1-FANCI, sh2-FANCI, and
sh3-FANCI shRNAs. (C-E) The effects of FANCI knockdown on LUAD cell proliferation (C) colony formation (D), and cell cycle distribution (E). *P<0.05, **P<0.01.
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in wound healing migration assays (A), Transwell invasion assays (B), and by Western blot analysis of MMP2 (C) or MMP9 (D) protein levels. *P<0.05, **P<0.01.

control cells (Figure SA and B, P<0.05), and the proliferation
rate of cells in sh3-FANCI tumors was also slower than that of
the control NC tumors (Figure 5C, P<0.05). The mice bearing
sh3-FANCI tumors also lost weight at a slower rate than did
the mice bearing control tumors (Figure 5D, P<0.05).

FANCI Cooperates with IMPDH2 in
Regulating the MEK/ERK/MMPs Pathway

To explore the molecular mechanisms underlying FANCI
function in LUAD, we employed the Genemania tool
(https://genemania.org/) to identify proteins predicted to
bind directly to FANCI (data not shown). Among the
proteins identified, IMPDH2 has been demonstrated to
act as an oncogene in various cancers, including lung

cancer. Indeed, coimmunoprecipitation experiments and
immunofluorescence  microscopy demonstrated that
FANCI and IMPDH?2 directly interacted and were coloca-
lized in LUAD cells (Figure 6A and B), suggesting that
IMPDH2 may mediate the function of FANCI in these

cells, at least in part. In support of this, FANCI knockdown
in LUAD cells significantly decreased the expression of
IMPDH?2, and FANCI and IMPDH2 expression was sig-
nificantly correlated in LUAD tissues (Figure 6C,
R=0.4147, P<0.0001).

Because IMPDH2 has been shown to activate the MEK/
ERK (UniProt ID: Q02750 and P27361, respectively) path-
way, we performed GSEA analysis of GSE62213 datasets to
determine the possible involvement of FANCI and IMPDH?2 in
regulating this pathway. The results of showed enrichment of
MEK/ERK pathway components in tissues expressing high
levels of either FANCI or IMPDH2 compared with tissues
expressing low levels (Figure 6D, P<0.05). To verify these
data, we performed Western blot analysis of MEK/ERK path-
way components in control or sh3-FANCI-expressing cells and
found that expression of the phosphorylated (activated) forms
of MEK1/2 and ERKI1/2 was decreased significantly by
FANCI knockdown (Figure 6E and F, P<0.05). Previous stu-
dies have shown that IMPDH2 expression levels are regulated
in part through modulation of its degradation rate, raising the
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expressing A549 cells excised at 5 weeks after injection. (C) The proliferation rate of sh-NC- and sh-FANCI-expressing tumors. (D) Weight change of mice harboring sh-

NC- and sh-FANCI-expressing tumors. *P<0.05, **P<0.01, ***P<0.001.

possibility that FANCI binding to IMPDH2 may affect
IMPDH2 stability. To examine this, we treated control and sh3-
FANCI-expressing A549 cells with cycloheximide (4-[(2R)-
2-[(18,38S,5S)-3,5-dimethyl-2-oxocyclohexyl]-2-hydro-
xyethyl]piperidine-2,6-dione) to inhibit protein synthesis and
then followed the expression levels of IMPDH2 by Western
blot analysis. The results showed that the degradation rate of
IMPDH2 was increased significantly in cells with FANCI
knockdown (Figure 6G, P<0.05).

IMPDH2 Overexpression Alleviates the

Inhibitory Effects of FANCI Knockdown

To determine whether IMPDH2 might mediate the biologi-
cal effects of FANCI, we overexpressed IMPDH2 in FANCI
knockdown cells. Notably, overexpression of IMPDH?2 in
FANCI knockdown A549 and H1299 cells restored the
activity of MEK/ERK pathway, as well as two target
genes of ERK, MMP2, and MMP9 (Figure 7A and B,
P<0.05). Overexpression of IMPDH2 in FANCI knock-
down A549 and H1299 cells also rescued the inhibition of
LUAD cell proliferation (Figure 7C, P<0.05) and migration

(Figure 7D, P<0.05). These results confirm that IMPDH2
plays an important role in mediating the functions of
FANCI in LUAD.

Discussion

The results of the current study demonstrate a key role
for FANCI in LUAD pathogenesis and prognosis. We
showed that expression of FANCI is upregulated in
LUAD tissues compared with normal lung tissues, and
high expression is positively associated with several
aggressive features. Furthermore, FANCI was found to
be an independent predictor of patient outcome.
Knockdown of FANCI in LUAD cell lines inhibited
their growth in vitro and in vivo, and reduced their
migration and invasion capacity in vitro. Mechanistic
studies demonstrated that the interaction between
FANCI and IMPDH2 decreases the degradation of
IMPDH2, promotes activation of MEK/ERK/MMPs
pathway signaling. Collectively, these results suggest
that FANCI may be a novel predictive biomarker and
a potential therapeutic target for LUAD.
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The FA family of proteins contributes to the regulation of
genomic stability and the cell cycle.'® The roles and molecular
mechanisms of action of many FA proteins in various patho-
logical processes, including cancer, have been reported.
FANCD?2 is a modulator of AMPK and plays a key role in
energy metabolism. Moreover, inhibition of FANCD2
increases the chemosensitivity of the renal cell carcinoma
cell line Caki-1 and induces apoptosis via its regulation of
AMPK."" In colorectal cancer, high expression of FANC]J is
positively associated with resistance to 5-fluoruracil.'®
FANCD? also inhibits the inflammatory response by decreas-
ing TNF-a transcription.'® Mutation of both FANCD2?° and
FANCO (HGNC ID: 9820)** have been shown to contribute to
ovarian cancer, whereas FANCA deletions are associated with
the development of familial breast cancer.?' Finally, truncation
of FANCT (HGNC ID: 25009) is associated with a high-risk
for breast cancer.”® In the present study, we identified a novel
role for FANCI as a predicted hub gene with a key role in the

development of LUAD. Similar with other family members
which play as onco-genes in cancer, we demonstrated that
FANCI was upregulated in LUAD tissues and cell lines and
showed that its expression is positively associated with lym-
phatic metastasis, distant metastasis, and poor outcome.
FANCI was also shown to be an independent predictor of
patient outcome. In vitro cell biology assays and mouse xeno-
graft experiments showed that FANCI promotes the prolifera-
tion and metastatic behavior of LUAD cells.

Our results are consistent with an accumulating body of
evidence that IMPDH?2 is involved in the development of
various cancer types. In glioblastoma, IMPDH2 increases the
synthesis of rRNA and tRNA, thereby promoting rapid cell
proliferation.”* High expression of IMPDH2 in osteosarcoma
cells was shown to be associated with radioresistance and
chemoresistance.”” Conversely, pharmacological inhibition of
IMPDH?2 expression induced cancer cell apoptosis via regula-
tion of multiple pathways, including the Bax—AIF—Endo G and
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Figure 7 IMPDH2 overexpression decreases the inhibitory effects of FANCI knockdown in LUAD cells. (A—-D) Western blot analysis of the indicated proteins (A, B),
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shRNA (sh-FANCI), or an IMPDH2 overexpression vector plus sh-FANCI (IMPDH2-U+sh-FANCI). *P<0.05, **P<0.01.

MEK/ERK pathways.”** In the present study, we identified
a novel mechanism of FANCI function through its direct
binding to IMPDH2, thereby protecting IMPDH2 from degra-
dation. MEK/ERK pathway genes were found in GSEA ana-
lysis to be significantly enriched in LUAD tissues with high
FANCI or IMPDH2 expression. In vitro, we found that inhibi-
tion of FANCI decreased the expression of IMPDH2 and the
activity of the MEK/ERK pathway, but this was reversed by
concomitant overexpression of IMPDH?2, confirming the func-
tional importance of the FANCI/IMPDH?2 interaction.

Conclusion

We demonstrated that FANCI is highly expressed in LUAD
tissues and cell lines, and we uncovered positive associations
between FANCI expression and malignant processes, leading
to poor prognosis. Knockdown of FANCI suggested that these
effects were mediated via modulation of IMPDH2 degrada-
tion, MEK/ERK/MMPs pathway activation. Collectively, our

data identify a novel oncogenic role for FANCI and suggest
that it may have utility as a prognostic biomarker and/or
therapeutic target for LUAD.
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