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Abstract
Although targeted therapy has made a signi�cant e�cacy in lung adenocarcinoma, there are still no
effective targeted drugs for lung squamous cell carcinoma (SqCC). Moreover, immunotherapy only
prolonged the OS of lung SqCC for less than 5 months, so till now, chemotherapy and radiotherapy are
still the main treatments of advanced SqCC. Lung SqCC patients express higher epithelial growth factor
receptor (EGFR) than adenocarcinoma patients, but they are intrinsic resistant to EGFR-tyrosine kinase
inhibitors (EGFR-TKIs). Therefore, if this resistance can been reversed, it would bene�t to most of the
SqCCs. Herein a high-throughput RNAi technology was used to screen the genes related with EGFR-TKI
erlotinib resistance of lung SqCCs, and then Integrin-linked kinase (ILK) was found to be the most
effective gene. We also studied the effects of ILK on erlotinib resistance in cell line and ILK expression in
SqCC and adenocarcinoma patients. At last we analyzed the mechanism of ILK in EGFR-TKIs resistance
using Pathway Analysis, GO Analysis and Ingenuity Pathway Analysis (IPA). ILK knockout could
overcome erlotinib resistance via inhibited cell proliferation, induced apoptosis and blocked the cells at
G2/M phase. ILK was expressed signi�cantly higher in SqCC patients than in adenocarcinoma patients
with sensitizing EGFR mutations. Moreover, the cell cycle pathway of G2/M DNA Damage and checkpoint
regulation was identi�ed signi�cantly inhibited by ILK knockout in IPA, Pathways and GO analysis. Our
results may provide further understanding of EGFR-TKIs resistance in lung SqCCs and thus aiding the
development of potential targeted therapies for lung SqCCs.

Background
Lung SqCC accounts for about 30% of non-small cell lung cancer (NSCLC) [1]. In the past years,
therapeutic progress in lung SqCC has lagged far behind lung adenocarcinoma. Although great efforts to
investigate the complex biology underlying SqCC have begun to bear fruits in a multitude of ways, there
is still no effective agent. In the era of immunotherapy, Pembrolizumab was listed as the �rst-line
treatment for NSCLC patients with PD-L1 > 50% by 2019 NCCN guideline, but the median Overall Survival
(OS) is only 20 months treated with Pembrolizumab alone [2], which is very limited compared with the
targeted therapy in adenocarcinomas as we known [3]. In the most important clinical trials of SqCC
CheckMate–017, the median OS of Nivolumab for the second-line treatment of advanced lung SqCC was
prolonged by only 3 months compared with traditional second-line chemotherapy docetaxel[4].
Pembrolizumab 10 mg/kg group and 2 mg/kg group in KEYNOTE–010 also achieved the OS bene�t of 4
months and 2 months compared with docetaxel[5]. So till now, chemotherapy and radiotherapy are still
the main treatments of advanced lung SqCC.

EGFR-TKIs mainly inhibit the phosphorylation of EGFR tyrosine kinase, so theoretically it should have
better e�cacy in the tumors with high expression of EGFR. But in fact, it is not the case, especially in lung
SqCC. Studies have showed that up to 84% of lung SqCC patients express EGFR, and which is
signi�cantly higher than adenocarcinoma patients (about 44%)[6,7].However, only patients with
sensitizing EGFR-mutated adenocarcinomas respond to EGFR-TKIs treatment. The e�cacy of EGFR-TKIs
in the other adenocarcinomas and SqCCs are still not satisfactory. Moreover, EGFR mutations, in terms of
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their predictive value for the responses to EGFR-TKIs treatment, are different between SqCC and
adenocarcinoma. They are not valid predictors for EGFR-TKIs response in lung SqCC. The response rate
was less than 30% in sensitizing EGFR-mutated lung SqCC patients, and the median progression-free
survival (PFS) was only two to three months[8–10], which were dramatically inferior to in sensitizing
EGFR-mutated adenocarcinoma patients. Therefore, lung SqCC patients are intrinsic resistance to EGFR-
TKIs, which has become an urgent problem to be solved at present.

Recently, application of next generation sequencing (NGS) to investigate the genomic characterization of
lung SqCC led to a further understanding of the possible targets. Filipits M et al. found that the available
targeted therapies in lung SqCC include EGFR, FGFR1, MET, PI3K, DDR2, BRAF, AKT, CTLA4, and PD1 [11].
Besides, Schwaederle M et al. also identi�ed some “undruggable” mutations in TP53 (64.5% of analyzed
patients), PIK3CA (28.5%), CDKN2A (24.4%), SOX2 (17.7%), and CCND1 (15.8%) [12]. EGFR is highly
expressed in most of the SqCCs, but the clinical bene�ts of EGFR-TKIs are modest[13,14].Thus far, there
is still no effective targeted agent approved for use in clinical practice. Therefore, it’s crucial to deeply
analyze the mechanism of intrinsic EGFR-TKIs resistance in lung SqCC.

High-throughput RNAi technology is the combination of high-throughput chip and siRNAs library that
makes RNA interference no longer limited to one gene silence, but simultaneously screening of large-
scale genes and their functions. In this study, high-throughput RNAi technology was used to screen the
most effective gene inhibitor that can overcome EGFR-TKIs resistance of lung SqCC. The results will open
new opportunity for the treatment of lung SqCC patients.

Methods

Cell lines and cell culture
Human lung squamous carcinoma cell line SK-MES–1, H226 was provided by Cancer Institute of Tongji
University Medical School, China. The cells were cultured at 37°C with 5% CO2 in Dulbecco’s modi�ed
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100
mg/ml streptomycin.

Tumor samples
All the tumor samples in the study were collected from patients recruited from Shanghai Pulmonary
Hospital, between July 2012 and June 2015. The patients were newly diagnosed and histological
con�rmed lung squamous cell carcinoma and adenocarcinoma. Patients with a previous medical history
of cancer, radiotherapy or chemotherapy were excluded. This study was approved by the Ethics
Committee of the Tongji University.

High Content Screening (HCS)
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The Lentivirus expressing shRNA against negative control (NC), ILK, PTEN, MAP3K14, MYD88, SRF,
IRAK1, BIRC5, PIK3C2A, PTP4A3, BTK, NLK, RAF1, STAT3, SRC, AURKA, IRAK4, ERBB2IP, CDH were
purchased from Genechem technology, China. All the Lentivirus carried GFP genes. SK-MES–1 cells were
transfected with Lentivirus shRNA (Non-targeting shRNA, PSC1369, PSC1446, PSC14867mix, PSC14872,
PSC3584, PSC14896mix, PSC14359, PSC14907, PSC1675, PSC14821mix, PSC1786, PSC1809, PSC8012,
PSC4913, PSC2260, PSC14817mix, PSC4899, PSC3306) respectively at the same time, and then after2 or
3 days of transfection, when the �uorescence rate reached 80%, cells were collected to subsequent
experiments. Cell growth were accessed using the Cellomics ArrayScan HCS system (Thermo Fisher
Scienti�c, Pittsburgh, PA, United States).These high-throughput RNAi experiments were done by
Genechem (Shanghai, China).

Cell proliferation analysis
The cells (3×103/well) were seeded into 96-well plates in triplicate and were exposed to various
concentrations of erlotinib. After 72 hours, 20μl of 3-(4,5-dimethylthiazol–2-yl)–2,5-diphenyltetrazolium
bromide (MTT) solution (5mg/ml) was added to each well and incubated. After 4 hours, crystalline
formation was dissolved with Dimethyl sulfoxide (DMSO) and the absorbance at 530nm was read using
the microplate-reader for ELISA MK–2 Labsystems Dragon. Percent survival was calculated as: (mean
absorbance of the replicate wells containing drugs - mean absorbance of the replicate background wells)
/ (mean absorbance of the replicate drug-free wells - mean absorbance of the replicate background
wells). The test was performed independently 3 times. All the results derived from triplicate experiments
yielded almost similar results.

Apoptosis analysis
Flow cytometry and transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) Kit
(Promega, USA) were used for apoptosis assay. In �ow cytometry assay, SK-MES–1 cells were plated in
6-well plates. Twenty-four hours later, 2µmol/L erlotinib was added into experimental wells and incubated
for another 72 hours. The cells were harvested, washed with PBS and resuspended in 500 µl binding
buffer. The cells were stained with 5 μl of Annexin V-PE and incubated for 5 min at room temperature in
the dark. Quanti�cation of apoptosis was determined by �ow cytometry.

In TUNEL assay, cells were seeded in 24-well plates and exposed to 2µmol/L erlotinib for another 72 h.
Apoptosis was assessed by the TUNEL assay kit (GENMED, China) following the manufacturer’s protocol.
Apoptotic index (AI) (%) was calculated by the formula: positive staining cells / tumor cells number ×
100%.

Western blotting
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Cells were washed twice with ice-cold PBS and lysed in 0.1ml of lysis buffer on ice for 30 min. Insoluble
debris was removed by centrifuging at 13,000 rpm for 15 min at 4°C. Electrophoresis and blotting
procedures were done according to methods described previously[15–17]. Intrinsic antibody against
human ILK (R D, USA) was used according to the manufacturer’s instructions. Blotting quanti�cation was
done with an Odyssey® Infrared Imaging system (LI-COR, USA).

Quantitative polymerase chain reaction (qPCR)
1μg cDNA was used for qPCR analysis using Lightcylcer (Roche, Switzerland) following the
manufacturer’s instructions. GAPDH was used as the internal control. Ampli�cations were carried out in
the 20µl reaction mixtures in the following conditions 95℃ for 2min and followed by 40 cycles of 95℃
for 20 s, 55℃ for 20 s and 72℃ for 35s; and then 72℃ for 3min. The copy numbers of ILK gene were
determined by: target gene copy number 2-△△CT = (CT target gene -CT reference gene) experimental
group - (CT target gene -CT reference gene) control group.

Cell cycle analysis
The cells were incubated in 6-well plates for 24 h, and the cell culture medium was replaced by fresh
medium containing 10% FBS with or without erlotinib, and incubated for another 72 h. The cells were
trypsinized, �xed in ice-cold 70% ethanol overnight, and stained with propidium iodide containing 1
mg/mL RNase (Sigma, USA), according to the instructions of the Cell Cycle Phase Determination Kit
(Cayman Chemical Company, USA). Samples were analyzed on a �ow cytometry (Becton Dickinson,
USA). Cell cycle parameters from 10,000 events were analyzed using multi-cycle software.

Clone formation analysis
Cells (200/well) were seeded in 24-well plates and treated with erlotinib after 12 hours. After two weeks,
the cells were stained with 1% methylrosanilinium chloride, and the number of visible colonies was
counted. The relative clone formation ability was calculated as follows: (mean experimental clone
numbers /mean control clone numbers) ×100%.

Signaling pathway microarray analysis
There were two lung SqCC cell groups: NC (SK-MES–1 cells treated with erlotinib), and KD (SK-MES–1
cells treated with erlotinib after ILK knockout). Total RNA were extracted from cells, and RNA probes were
prepared and hybridized to the GeneChip primeview human 100 format (901838, Affymetrix GeneChip
System; Affymetrix, Santa Clara, CA, USA) according to the manufacturer’s instructions by Genechem Inc..
For each sample, three biological replicates were performed. All arrays were washed, stained, and read by
a GeneChip Scanner 3000 (Affymetrix). The �uorescence signal was excited at 570 nm, and data were

http://dict.cnki.net/dict_result.aspx?searchword=%e5%86%85%e5%8f%82%e5%9f%ba%e5%9b%a0&tjType=sentence&style=&t=reference+gene
http://dict.cnki.net/dict_result.aspx?searchword=%e5%86%85%e5%8f%82%e5%9f%ba%e5%9b%a0&tjType=sentence&style=&t=reference+gene
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collected on a confocal scanner at 3 lm resolution. Data were analyzed by GeneChip Operating Software
1.4.

Data analysis
The differentially expressed genes (DEGs) were selected based on Fold-change > 2 and P value < 0.05 to
further study. Based on the Kyoto Encyclopedia of Genes and Genomes (KEGG) database, signi�cantly
changed pathways were identi�ed and connected in a pathway network (Path-net) to show the
relationship between these pathways. GO analysis was used to organize DEGs into hierarchical
categories. The list of DEGs, containing gene identi�ers and corresponding expression values, was also
uploaded into the IPA software (2012 Ingenuity Systems, Inc. http://www.ingenuity.com). The IPA
software is based on computational algorithms that analyze the functional connectivity of the genes
from information obtained within the IPA database. The “core analysis” function included in the software
was used to interpret the differentially expressed data, which included biological processes, canonical
pathways, upstream transcriptional regulators, and gene networks. Each gene identi�er was mapped to
its corresponding gene object in the Ingenuity Pathway Knowledge Base (IPKB).

Statistical analyses
Values were expressed as mean ± SD. Statistical analyses were done by independent-samples t test.
Differences were considered to be statistically signi�cant if P < 0.05.

Results

1. High-throughput RNAi screening identi�ed that ILK
knockout improved the effect of erlotinib in lung SqCC
The MTT results identi�ed that the IC50 of SK-MES–1 cell line was 11.35umol/L and this cell line
expressed EGFR (Figure 1A, B). SK-MES–1 cells were treated with a gradient concentrations of erlotinib
after transfected with lentiviral NC shRNA (Non-target control). The cells began to slow down its
proliferation signi�cantly after administered with 2μm erlotinib, so 2μm was determined to be the
screening concentration in next studies (Figure 1C).

In HCS, 18 target shRNAs (Table 1) were selected according to Genechem database based on NIH Cancer
Genome Project database, OMIM, MalaCards, and UniProtKB database. All these genes are highly
correlated with EGFR-TKIs as results of the pathway and functional network analysis from Genechem,
and the gene annotations are relatively clear. Moreover, the numbers of these genes reported in PubMed
are less than 100 and the genes were removed if their function are obviously inconsistent with the
expected function. The fold changes of cells proliferation were detected by MTT after 72h of
administered with shRNAs and erlotinib. Fold change = ((NC + drug) / NC) / (target shRNA + drug) / target

http://www.ingenuity.com%29/
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shRNA). PSC1369, PSC1446, PSC14867mix, and PSC14872 that is shRNA of ILK, PTEN, MAP3K14, and
MYD88 respectively, increased the effect of erlotinib. Especially after ILK knockout, the cells was
signi�cantly inhibited by treated with erlotinib (Fold change, 1.47), P<0.05 (Figure 1D and Table 2).

To con�rm the role of ILK in EGFR-TKI resistance, the cell survival rates of SK-MES–1 cells transfected
with negative control and the two target shRNAs were measured after 72h incubation with erlotinib of
different concentrations (2μm, 4μm, 10μm). Survival rate = (shRNA group + drug) / shRNA group. It can
be seen that PSC1369 signi�cantly decreased the cell survival rate of SK-MES–1 cells, suggesting that
ILK knockout can improve the effect of erlotinib (Figure 1E). The results of qPCR con�rmed that ILK was
expressed in lung cancer cell lines, including SqCC cell line SK-MES–1 and H226 (Figure 1F).

2. The effects of ILK on erlotinib resistance in lung SqCC
cells
The results of qPCR and western blotting con�rmed that the expression of ILK was signi�cantly inhibited
in SK-MES–1 cells after RNA interference, P<0.05 (Figure 2A, B). The treatment of erlotinib after ILK
knockout signi�cantly inhibited the proliferation of SK-MES–1 cells, induced more apoptotic cells, and
made the cell cycle blocked at G2/M and G1 phases, compared with the group treated with erlotinib
alone, P<0.05 (Figure 2C, D, E). The result of apoptosis was veri�ed by TUNEL, in which the apoptosis rate
was 83.24% in cells treated with erlotinib after ILK knockout, much more than that treated with erlotinib
alone (Figure 2F). We also found that the ability of cell clone formation decreased signi�cantly in the
group treated with erlotinib after ILK knockout, compared with the group treated with erlotinib alone,
P<0.05 (Figure 2G).

3. The expression of ILK in lung SqCC patients
We detected ILK expression in tumors of patients with lung squamous cell carcinoma, adenocarcinoma
with wild-type EGFR and sensitizing mutated EGFR using qPCR. There were 31 patients with SqCC, 9
patients with wild-type EGFR adenocarcinoma and 10 patients with sensitizing mutated-EGFR
adenocarcinoma. The results showed that the expression of ILK in patients with sensitizing mutated
EGFR adenocarcinoma was signi�cantly lower than that in patients with wild-type EGFR adenocarcinoma
and SqCC (P<0.05) (Figure 3). Moreover, ILK expression was no signi�cant difference in patients with
wild-type EGFR adenocarcinoma and SqCC (P>0.05).

4. Genome-wide transcriptional analysis of the key
pathways of ILK in EGFR-TKI resistance of SK-MES–1 cell
line
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In order to further explore the mechanism of ILK in intrinsic EGFR-TKI resistance of lung SqCC, we
performed genome-wide transcriptional microarray analysis to compare the global gene expression
between the control (NC group) and ILK-knockout (KD group) SK-MES–1 cells after treated with erlotinib
using Affymetrix GeneChip PrimeView Human Gene Expression Array. In total, 484 transcripts (317
upregulated and 167 downregulated) differentially expressed in KD group compared with NC group,
based on the threshold of fold change > 2 and p<0.05, passed the �ltering process and were selected for
the cluster analysis. (Figure 4A).

Moreover, functional analysis of the gene expression pro�ling using Pathways Analysis according to
KEGG and BioCarta Database revealed that the top three enriched targets by ILK knockout were cell
cycle, ECM-receptor interaction and mitosis, as shown in Figure 4B and Table S1.

The DEGs were also subjected to GO analysis. From the aspect of molecule function, the DEGs in�uenced
kinase activity and DNA binding, which associated with the action mechanism of EGFR-TKIs. From the
aspect of the cellular component, changes occurred in intracellular non-membrane bound organelle,
spindle and cytoplasm. These parts are closely correlated with cell proliferation and intracellular signal
transduction, which are the important in�uence factors of EGFR-TKIs e�cacy. From the aspect of
biological process, the changes involved cell cycle, mitosis, response to stress and cell proliferation,
suggesting that ILK knockout may overcome EGFR-TKIs resistance via these cell process (Table S2).

Furthermore, IPA analysis revealed highly signi�cant overlap of 207 canonical pathways correlated with
the DEGs in SK-MES–1 cell line, including Mitotic Roles of Polo-Like Kinase, Protein Ubiquitination
Pathway, Inhibition of Matrix Metalloproteases, Cell Cycle: G2/M DNA Damage Checkpoint Regulation.
These pathways were scored based on the number of genes participating in any particular network. We
identi�ed that Cell Cycle Pathway: G2/M DNA Damage Checkpoint Regulation (Z-score = –2), was
signi�cantly inhibited in the Classic Pathway Analysis (Figure 4C). The IPA-based network analysis
shows the interaction between molecules in the data set. All networks are sorted using Score values. The
ranked �rst network diagram in this project mainly affected Cell Cycle, Cellular Assembly Organization,
DNA Replication, Recombination, and Repair (Figure 4D).

Discussion
In this work, it was found that knockout of ILK could improve erlotinib e�cacy. And after that we
investigated the effect of ILK knockout on the cell biological activities of the SqCC cell line SK-MES–1. As
a result, cell proliferation and cell clone formation was inhibited, cell apoptosis was up-regulated, and
cells was arrested in G1 and G2/M phase when ILK was inhibited. Furthermore, we found that ILK was
expressed signi�cantly higher in the tumors of lung SqCC patients than adenocarcinoma patients with
sensitizing EGFR mutations.

ILK, an important serine/threonine protein phosphatase, plays a key role in regulation of signal
transduction and remodeling of the tumor extracellular matrix (ECM)[18]. High expression of ILK was
closely related with the occurrence and development of lung cancer, and also correlated with anti-cancer

javascript:spawn('http://www.biocarta.com')
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drugs resistance. A study conducted by Chen D et al. showed that ILK could promote the process of
epithelial-to-mesenchymal transition (EMT) in lung cancer, and knockdown of ILK could signi�cantly
inhibit the invasion and metastasis of lung cancer[19,20]. In Yu’s study, ILK was positively expressed in
39 (68.42%) SqCC patients and associated with high microvessel density (MVD) in lung squamous cell
carcinoma (P < 0.001)[21]. Posch F et al. reported that increased serum ILK (sILK) was associated with
adverse survival (p < 0.001) and the Kaplan-Meier survival analysis showed that ILK, E-cadherin, and MVD
were all statistically signi�cant prognostic factors in patients with lung SqCC[22]. Jia Z veri�ed that ILK
was involved in drug (gemcitabine) resistant of lung cancer, and this function might be mediated by EMT
process and MRP1 pathway[23]. Augustin A et al. indicated that the ILK–PINCH–Parvin (IPP) complex
has been shown to be involved in EMT and erlotinib sensitivity. A retrospective analysis of the MERIT trial
indicated that a low level of ILK could be linked to clinical bene�t with erlotinib [24], so it was suggested
that ILK may be a target of erlotinib resistance. Moreover, our results also con�rmed that the expression
of ILK was remarkably higher in lung SqCC patients than in sensitizing EGFR-mutated adenocarcinoma
patients, suggesting that ILK may be a key marker of EGFR-TKIs resistance in lung SqCC.

In the present results, in order to gain further insights into the mechanism of ILK in EGFR-TKIs resistance
of lung SqCC, Pathways Analysis, GO analysis and IPA were used to explore the connected signaling
pathways and genes network. Then cell cycle, mitosis, ECM-receptor interaction and kinase activity, DNA
binding were found closely correlated with the effect of ILK in EGFR-TKIs resistance. As they have been
known, the cell cycle[25,26], ECM-receptor interaction[27,28], mitosis[29], were identi�ed typically
activated in cancer drug resistance, suggesting that ILK played a crucial role in EGFR-TKIs resistance of
lung SqCC via these pathways. GO analysis also found that cell cycle and mitosis were the important
signaling pathways involved in ILK knockout in EGFR-TKIs resistance. IPA further con�rmed that G2/M
DNA Damage and checkpoint regulation was the most key signaling pathway regulated by ILK knockout
in EGFR-TKI resistance of lung SqCC.

Overall, ILK may represent the starting point of a new natural history of lung SqCC and may be a
breakthrough in the therapy for lung SqCC that we will see over the next months to years.

Conclusions
In conclusion, high-throughput RNAi screen identi�ed that knockout of ILK can overcome erlotinib
resistance in lung SqCC cells via inhibited cell proliferation, induced apoptosis and blocked the cells at
G2/M phase. Moreover, ILK was found to be expressed signi�cantly higher in lung SqCC patients than in
adenocarcinoma patients with sensitizing EGFR mutations. The top enriched targeted signaling pathway
by ILK knockout was cell cycle. Our results may provide further understanding of EGFR-TKIs resistance in
lung SqCCs and thus aiding the development of potential targeted therapies for lung SqCCs.
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ILK: integrin linked kinase
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SqCC: lung squamous cell carcinoma

EGFR-TKIs: epidermal growth factor receptor tyrosine kinase inhibitors

NSCLC: non-small cell lung cancer

IGF-IR: insulin-like growth factor-I receptor

FGFRl: �broblast growth factor receptor 1,

DDR2: Discoidin domain receptor 2

GO: gene ontology

IPA: Ingenuity Pathway Analysis

DMEM: Dulbecco’s modi�ed Eagle’s medium

FBS: fetal bovine serum

DEGs: differentially expressed genes

IPKB: Ingenuity Pathway Knowledge Base

ECM: extracellular matrix

EMT: epithelial-to-mesenchymal transition

MVD: microvessel density

NGS: next generation sequencing

HCS: high content screening

NC: negative control

TUNEL: transferase-mediated deoxyuridine triphosphate nick-end labeling

KEGG: kyoto encyclopedia of genes and genomes
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Tables
Table 1. Target lentiviral shRNAs.

Gene Identi�er of shRNA.
NC Non-targeting shRNA
ILK PSC1369
PTEN PSC1446
MAP3K14 PSC14867mix
MYD88 PSC14872
SRF PSC3584
IRAK1 PSC14896mix
BIRC5 PSC14359
PIK3C2A PSC14907
PTP4A3 PSC1675
BTK PSC14821mix
NLK PSC1786
RAF1 PSC1809
STAT3 PSC8012
SRC PSC4913
AURKA PSC2260
IRAK4 PSC14817mix
ERBB2IP PSC4899
CDH PSC3306

 

Table 2. Fold changes of cells proliferation after 72h of administered with shRNAsand erlotinib.
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Gene Group Fold change

NC Non-target shRNA 1.00
ILK PSC1369 1.29
PTEN PSC1446 1.14
MAP3K14 PSC14867mix 1.09
MYD88 PSC14872 1.05
SRF PSC3584 1.04
IRAK1 PSC14896mix 1.03
BIRC5 PSC14359 1.03
PIK3C2A PSC14907 1.00
PTP4A3 PSC1675 1.00
BTK PSC14821mix 0.97
NLK PSC1786 0.97
RAF1 PSC1809 0.93
STAT3 PSC8012 0.92
SRC PSC4913 0.92
AURKA PSC2260 0.89
IRAK4 PSC14817mix 0.87
ERBB2IP PSC4899 0.86
CDH PSC3306 0.83

Figures
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Figure 1

High-throughput RNAi identi�ed that ILK knockout improved the effect of erlotinib in lung SqCC. A: The
MTT results identi�ed that the IC50 of SK-MES-1 cell line was 11.35umol/L. B: Western Blot result
showed that SK-MES-1 cells expressed EGFR. C: SK-MES-1 cells were treated with a gradient
concentrations of erlotinib after transfected with lentiviral NC shRNA (Non-target control). The cells began
to slow down its proliferation signi�cantly after administered with 2μm erlotinib. D: In the HCS
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experiment, the critical drug concentration of 2uM was used to screen the effect of combined erlotinib
and the target shRNAs after 72h of treatment. Fold change= ((NC+) /NC) / ((experimental group + drug) /
experimental group). E: PSC1369 signi�cantly decreased the cell survival rate of SK-MES-1 cells. F: qPCR
con�rmed that ILK was expressed in lung cancer cell lines, including SqCC cell line SK-MES-1 and H226.

Figure 2
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The effects of ILK on erlotinib resistance in lung SqCC cells. A and B: The results of qPCR and western
blotting con�rmed that the expression of ILK was signi�cantly inhibited in SK-MES-1 cells after RNA
interference, (P<0.05). C: The treatment of erlotinib after ILK knockout signi�cantly inhibited the
proliferation of SK-MES-1 cells, (P<0.05). D: induced more apoptotic cells; and E: made the cells blocked
at G2/M phase, compared with the group treated with erlotinib alone, (P<0.05). F: The result of TUNEL
showed that the apoptosis rate was 83.24% in cells treated with erlotinib after ILK knockout, much more
than that treated with erlotinib alone, (P<0.05). G: The ability of cell clone formation decreased
signi�cantly in the group treated with erlotinib after ILK knockout, compared with the group treated with
erlotinib alone, (P<0.05).
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Figure 3

The expression of ILK in lung SqCC patients was signi�cantly higher than that in patients with mutated
EGFR adenocarcinoma (P<0.05); But no signi�cant difference in patients with wild-type EGFR
adenocarcinoma and SqCC (P>0.05).



Page 19/20

Figure 4

Genome-wide transcriptional analysis of the key pathways of ILK in EGFR-TKI resistance of SK-MES-1 cell
line. A: 484 transcripts (317 upregulated and 167 downregulated) differentially expressed in KD group
compared with NC group, based on fold change > 2 and p<0.05 threshold, passed the �ltering process
and were used for the cluster analysis. B:Functional analysis of the gene expression pro�ling using
Pathways Analysis according to KEGG and BioCarta Database revealed that the top three enriched
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targets by ILK knockout were cell cycle, ECM-receptor interaction and mitosis. C: Ingenuity Pathway
Analysis identi�ed the cell cycle pathway: G2/M DNA Damage and checkpoint regulation (Z-score = -2),
was signi�cantly inhibited in the Classic Pathway Analysis. D: The IPA-based network analysis
showedthat the ranked �rst network diagram in this project mainly affected Cell Cycle, Cellular Assembly
Organization, DNA Replication, Recombination, and Repair.
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