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Abstract: The fact that advanced NSCLC patients with wild type (wt) EGFR can benefit from erlotinib therapy makes
it critical to find out biomarkers for effective selection of patients and improving the therapy effects. In present
study, 3 NSCLC cell lines (U1752, Calu-6 and NCI-H292) with wt EGFR and different sensitivities to erlotinib were
used for microarray analysis. The differential basal gene expression between 2 NSCLC cell lines was analyzed,
about 353 genes were expression-altered with higher than 2-fold changes between Calu-6 and U1752. And Ingenu-
ity Pathway Analysis (IPA) showed that these genes were mainly enriched in regulation of epithelial-mesenchymal
transition (EMT) pathway, Wnt-B catenin signaling, Tec kinase signaling and some types of cancer-related signaling.
More interestingly, RAF1 (c-raf), MAP2K1 (MEK1), SNAI and downstream signaling molecules ERK and AKT were
predicted to be activated in erlotinib-resistant cell line by IPA. Subsequent immunoblotting experiments showed that
the phosphorylation of ERK and AKT were exactly increased stepwise from erlotinib sensitive cell line to erlotinib
resistant cell lines. Collectively, activation of RAF1-MEK1-ERK/AKT axis may determine the resistance of NSCLC
cell lines bearing wt EGFR to erlotinib. Our work provides potential biomarkers and therapeutic targets for NSCLC

patients harboring wt EGFR.
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Introduction

Erlotinib, a small-molecule drug targeted to the
tyrosine kinase activity of EGFR, is approved by
FDA to treat advanced or metastatic non-small
cell lung cancer (NSCLC) and pancreatic cancer
that cannot be removed by surgery or has
metastasized. Clinical trials and preclinical
studies have suggested that EGFR activating
mutation is a predictive marker for favorable
outcome of erlotinib in NSCLC patients [1-3].
Recently, first-line erlotinib therapy in EGFR
mutation-positive NSCLC patients showed pro-
found advantage over chemotherapy in the
objective response rate and progression-free
survival (PFS) benefit [4, 5]. However, only
10-30% of NSCLC patients harbor mutant
EGFR [6-8], the majority of NSCLC patients are
with wild type (wt) EGFR. There also appear to
be NSCLC patients with wt EGFR who clinically
benefit from erlotinib therapy by stabilizing dis-
ease and preventing further progression [1, 9,

10]. However, the mechanism of this benefit
remains largely unknown and the biomarkers
for wt EGFR NSCLC patients who can derive
benefit from erlotinib treatment need to be fur-
ther uncovered.

One possible mechanism that influences the
sensitivity of wt EGFR NSCLC cells to erlotinib is
in the driver gene alterations other than EGFR
mutation, such as gene mutation (e.g. KRAS,
HER2, BRAF), gene amplification (e.g. MET,
FGFR1) or gene translocation (e.g. ALK, ROS1,
RET). Various studies suggest that these driver
gene alterations play roles in erlotinib resis-
tance in NSCLC cells [11-13]. For example, MET
activation and amplification was recently pro-
posed to be linked closely to erlotinib resis-
tance [13, 14]. However, most of the currently
known driver mutations occur at an incidence
of <5%. The incidences of mutations in lung
cancer were as follows: KRAS 25%, BRAF 3%,
HER 21%, MET amplifications 2%, and ALK rear-
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Figure 1. 3 NSCLC cell lines display different sensitivities to erlotinib. U1752, Calu-6 and NCI-H292 cells were ad-
ministrated to 7 concentrations of erlotinib (0, 0.0032, 0.01, 0.032, 0.10, 0.32, 1.00, 3.20 pmol/L, respectively) for
72 h. The cell viability was determined by MTS assay. Every treatment was triplicate in the same experiment. Bars

represent the standard errors.

Table 1. Top 20 significantly expression-altered genes in Calu-6 compared to U1752

Gene Symbol  fold change P value Description

FABP4 6.49 2.29E-03 fatty acid binding protein 4, adipocyte

TIMP3 6.29 6.80E-04 TIMP metallopeptidase inhibitor 3

CDK15 5.63 3.55E-04 cyclin-dependent kinase 15

TGFBI 5.60 4.46E-04 transforming growth factor, beta-induced, 68 kDa

EMP1 5.23 6.63E-04 epithelial membrane protein 1

THBS1 4.91 3.31E-05 thrombospondin 1

NT5E 4.67 7.40E-06 5’-nucleotidase, ecto (CD73)

RGS1 4.67 8.63E-04 regulator of G-protein signaling 1

IGFBP5 4.38 8.98E-04 insulin-like growth factor binding protein 5

SERPINF1 4.29 1.37E-03 serpin peptidase inhibitor, clade F (alpha-2 antiplasmin, pigment
epithelium derived factor), member 1

GRAMD1B 0.24 7.15E-04 GRAM domain containing 1B

HISTA1H3I 0.24 4.36E-04 histone cluster 1, H3i

FAM5C 0.23 1.93E-04 family with sequence similarity 5, member C

HSPA13 0.21 4.90E-04 heat shock protein 70 kDa family, member 13

OSMR 0.21 1.59E-03 oncostatin M receptor

NTS 0.19 1.88E-04 neurotensin

CYP24A1 0.18 1.88E-05 cytochrome P450, family 24, subfamily A, polypeptide 1

INA 0.18 7.36E-04 internexin neuronal intermediate filament protein, alpha

EDIL3 0.16 7.84E-04 EGF-like repeats and discoidin I-like domains 3

TFPI2 0.11 5.08E-06 tissue factor pathway inhibitor 2

rangements 6% [15, 16]. Although KRAS muta-
tion frequency is relative high in lung cancer, in
vitro data show various degrees of sensitivity to
erlotinib in KRAS-mutated NSCLC cell lines [17,
18]. Moreover, clinical trial showed that KRAS
mutation has no significant effect on PFS of
erlotinib treatment in NSCLC patients [1]. So,
driver gene alterations may confer sensitivity/
resistance to erlotinib only in a small part of
patients, there must be other mechanisms by
which cancer cells bearing wt EGFR displayed
distinct sensitivity to erlotinib.
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Several reports suggested that the expression
of epithelial to mesenchymal transition (EMT)-
related genes mediated NSCLC and head and
neck squamous cell carcinoma cells sensitivity
to erlotinib or gefitinib, another small molecule
drug of EGFR tyrosine kinase inhibitor (TKI) [17,
19, 20]. Increased expression of TGF-B, IL6 and
Vimentin was observed in erlotinib resistant
NSCLC cell lines, while E-cadherin was up-regu-
lated in sensitive cell lines [19]. Furthermore,
Balko et al proposed that expression of genes
linked to signal transduction (NF-kB signaling
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Table 2. IPA for 353 genes expression-altered significantly in Calu-6 compared to U1752

Ingenuity Canonical Pathways P value Molecules

Hepatic Fibrosis/Hepatic Stellate Cell Activa- 9.77E-07 TGFBR2, TLR4, IGFBP4, FN1, CCL2, HGF, TGFB2,

tion TGFA, LAMA1, MMP2, IGFBP5, A2M, TNFRSF11B

Regulation of the Epithelial-Mesenchymal 7.94E-05 TGFBR2, TCF4, CDH12, SNAI2, HGF, TGFB2, mir-155,

Transition Pathway MMP2, WNT2, HMGA2, FZD7, FGF5

Wnt/B-catenin Signaling 8.32E-04 TGFBR2, MYC, GJA1, TCF4, CDH12, FRZB, CD44,
TGFB2, WNT2, FZD7

Colorectal Cancer Metastasis Signaling 1.00E-03 TGFBR2, MYC, TLR4, GNB4, TCF4, RND3, TGFB2,
MMP2, PTGS2, GNG2, WNT2, FZD7

LPS/IL-1 Mediated Inhibition of RXR Function 1.66E-03 TLR4, MGST1, SULT1C2, ACSL5, FABP4, HS6ST3,
CHST10, FABP3, ALDH7A1, TNFRSF11B, PPARGC1A

Epithelial Adherens Junction Signaling 3.98E-03 TGFBR2, TCF4, SNAI2, HGF, PVRL3, CTNNA1, TGFB2,
JUP

Inhibition of Matrix Metalloproteases 4.68E-03 TIMP3, MMP2, A2M, TFPI2

Thyroid Cancer Signaling 5.13E-03 PPARG, MYC, TCF4, BDNF

LXR/RXR Activation 5.37E-03 TLR4, CCL2, SERPINF1, CLU, PTGS2, PON3, TN-
FRSF11B

Polyamine Regulation in Colon Cancer 6.31E-03 PPARG, MYC, TCF4

Role of Macrophages, Fibroblasts and Endo-  6.76E-03 MYC, TLR4, TCF4, FN1, FRZB, CCL2, LTBR, IRAK3,

thelial Cells in Rheumatoid Arthritis WNT2, PRKD1, FZD7, TNFRSF11B

Chondroitin Sulfate Biosynthesis (Late Stages) 7.76E-03 SULT1C2, HS6ST3, CHST10, CSGALNACT1

Ovarian Cancer Signaling 8.51E-03 GJA1, TCF4, CD44, MMP2, PTGS2, WNT2, FZD7

RhoGDI Signaling 1.07E-02 GNB4, CDH12, RND3, CDH10, CD44, CDH6, GNG2,
GNAL

Chondroitin Sulfate Biosynthesis 1.38E-02 SULT1C2, HS6ST3, CHST10, CSGALNACT1

Dermatan Sulfate Biosynthesis 1.55E-02 SULT1C2, HS6ST3, CHST10, CSGALNACT1

Molecular Mechanisms of Cancer 1.62E-02 TGFBR2, MYC, RASGRF2, TCF4, RND3, CTNNA1,
CDKe6, TGFB2, BIRC3, GNAL, PRKD1, FZD7

Glioma Invasiveness Signaling 1.74E-02 TIMP3, RND3, CD44, MMP2

cascade and PI3K/MAPK pathway) may serve
as predictive markers for erlotinib sensitivity in
NSCLC cell lines and patients with lung adeno-
carcinomas [21]. Moreover, the protein expres-
sion of EGFR [1], amphiregulin [22], HGF [13]
and cyclin D3 [23] was implicated in erlotinib
sensitivity in vitro or in vivo, whether the mRNA
expression of these genes is related to erlotinib
sensitivity is not yet well defined.

In present study, 3 NSCLC cell lines with differ-
ent sensitivities to erlotinib were applied to
gene expression profile analysis. The differen-
tially expressed genes were validated by quan-
titative real-time PCR. The potential genes/
pathways involved in erlotinib sensitivity were
proposed.

Materials and methods
Cell culture

U1752, Calu6 and H292 cell lines were pur-
chased from ATCC and maintained in DMEM or
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RPMI 1640 medium supplemented with 10%
FBS (Hyclone), penicillin (100 IU/ml) and
Streptomycin (100 pg/ml) (Life Technologies).

MTS assay for 3 NSCLC cell lines viability

Cells (4 x 10%) were grown in 100 ul of DMEM or
RPMI 1640medium containing serum per well
in a 96-well plate. After 24 h, the cells were
treated with erlotinib (0, 0.0032, 0.01, 0.032,
0.10, 0.32, 1.00, 3.20 uymol/L, respectively) for
72 h. Every treatment was triplicate in the same
experiment. Then 20 pl of MTS (CellTiter 96
AQueous One Solution Reagent; Promega) was
added to each well for 2 h at 37°C. After incu-
bation, the absorbance was read at a wave-
length of 490 nm according to the manufactur-
er's protocol. The IC50 calculation was
performed with GraphPad Prism 5.0 software.

Microarray analysis

3 NSCLC cell lines (8 x 10%) were grown in 2 ml
of DMEM medium containing serum per well in

Int J Clin Exp Pathol 2013;6(8):1493-1504
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Figure 2. IPA for differentially expressed genes between Calu-
6 and U1752. 353 genes whose expression altered by higher
than 2-fold in Calu-6 and U1752 were applied to IPA. The ca-
nonical pathways (p < 0.05) were shown in this figure. The
thresh line represents p = 0.05. The ratio means the propor-
tion that the amounts of genes involved in some pathway ac-
count for the total 353 genes.

a 6-well plate. Cells in the exponential growth phase
were used for microarray analysis. Every treatment was
duplicated in the same experiment. All the samples
were homogenized with 1 ml Trizol (Invitrogen, Life
Technologies) and total RNAs were extracted according
to the manufacturer’s instruction.

500 ng total RNA was used to synthesize double-strand
cDNA and in vitro transcribed to cRNA, purified 10 ug
cRNA was used to synthesize 2nd-cycle cDNA and then
hydrolyzed by RNase H and purified. Above steps were
performed with Ambion WT Expression Kit. 5.5 pg 2nd-
cycle cDNA was fragmented and the single-stranded
cDNA was labeled with GeneChip2 WT Terminal Labeling
Kit and Controls Kit (Affymetrix, PN 702880). About 700
ng fragmented and labeled single-stranded cDNA were
hybridized to an Affymetrix GeneChip Human Gene 1.0
ST array, which was washed and stained with GeneChip2
Hybridization, Wash and Stain kit (Affymetrix).

Microarray data analysis was done using Significance
Analysis of Microarrays (SAM) method, as described
before [24]. Functional annotation was performed to the
differential expression genes with Ingenuity Pathway
Analysis (IPA) online software.

Quantitative real-time PCR (qPCR)

Total RNA above isolated was synthesized to cDNA using
PrimeScript RT reagent kit with gDNA Eraser (Takara,
RRO74A) for RT-PCR with mixture of oligo-dT and
Random Primer (9 mer). The primers used for qPCR vali-
dation were list in Supplementary Table 1. Real-time
gPCR was performed on CFX-96 (Bio-lab), with endoge-
nous control hActb. Gene expression was calculated
relative to expression of hActb endogenous control and
adjusted relative to expression in U1752 cells.

Protein isolation and western blotting

Cell pellets were resuspended in 1 x SDS loading buffer
(2 mmol/L Na,vVO,, 10 mmol/L NaF, 1 mmol/L PMSF)
containing protease inhibitors. Lysates (20 ug each
lane) were applied to SDS-PAGE. Immunoblotting of Abs
specific for GAPDH (Abmart, 080922), EGFR (Abclonal,
A0227), p-EGFR (Santa cruz, SC-12351, pY1173),
p-EGFR (Epitomics, #1139-S, pY1086), AKT (Santa Cruz,
sc-8312), p-AKT (Santa Cruz, SC-7985-R, pS473), ERK
(Abclonal, A0228) and p-ERK (Cell signaling, #9106S,

Int J Clin Exp Pathol 2013;6(8):1493-1504
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Figure 3. Regulation of the EMT
Pathway and Tec kinase signal-
ing in Calu-6 compared to U1752.
This figure was derived from IPA.
The colored molecules were
genes whose expression altered
significantly in Calu-6 compared to
U1752. The red color represented
up-regulated genes in Calu-6,
while the green color represented
down-regulated genes in Calu-6. A:
Regulation of the EMT Pathway in
Calu-6 compared to U1752. TGF-
B-EMT was shown, while Wnt-EMT,
Notch-EMT and Receptor tyrosine
kinase-EMT were not shown. B:
Tec kinase signaling in Calu-6
compared to U1752.

pT202/204) were detected
using HRP-conjugated anti-
mouse (Promega) or anti-rabbit
(Promega) and visualized by
chemiluminescence detection
system (Millipore,
WBKLS0500).

Statistical analysis

R? values were calculated
using Pearson’s correlation
coefficient. The significant dif-
ference was calculated using
Student’s t-test.

Results

3 NSCLC cell lines display dis-
tinct sensitivities to erlotinib

Three NSCLC cell lines harbor-
ing wt EGFR, U1752, Calu-6
and NCI-H292, were treated
with 7 different concentrations
of erlotinib as indicated for 72
h. Then the cell viability was
determined by MTS assay
(Figure 1) and IC50 s of these
three cell lines were calculat-
ed. IC50 dose of U1752, Calu-
6 and NCI-H292 cells to erlo-
tinib at 72 h were 0.059 #*
0.029 (R? = 0.99), 0.217 *
0.134 (R? = 0.86) and 0.503 *
0.041 umol/L (R? = 0.95),
respectively. According to crite-
rion described before [25],

Int J Clin Exp Pathol 2013;6(8):1493-1504
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between these molecules were illustrated.

U1752 was sensitive to erlotinib whereas Calu-
6 and NCI-H292 were relatively insensitive to
erlotinib.

Differential gene expression profile analysis

To figure out the biomarkers that determine the
different sensitivities to erlotinib, the 3 NSCLC
cell lines were applied to microarray analysis.
The raw data of microarray showed that there
was dramatically difference in basal expres-
sion between U1752 and Calu-6 cells. 1163
genes were up-regulated by 2-fold and 1378
genes were down-regulated by 2-fold in Calu-6
compared to U1752 (data not shown). The most
markedly expression-altered genes were TIMP3
and TFPI2, the expression of TIMP3 was
increased by 191-fold and that of TEPI2 was
decreased by 411-fold in Calu-6 compared to
U1752, respectively. However, limited altera-
tions were observed in basal expression
between U1752 and NCI-H292 cells. Expression
of only one gene (CDKN2AIPNLP1) and two
genes (OR4A47 and WT1-AS) was increased
and decreased by 2-fold, respectively, in NCI-
H292 compared to U1752. There were no
genes whose expression was increased or
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decreased by higher than 50% stepwise from
U1752 to Calu-6 to NCI-H292, according to
their sensitivities to erlotinib. These results
suggested that the relative resistance of Calu-
6 and NCI-H292 to erlotinib may be caused by
different mechanisms; the resistance of NCI-
H292 to erlotinib may be not explained by gene
expression.

Then we analyzed the microarray data of Calu-6
and U1752 by SAM method. The results showed
that 177 genes and 176 genes were respec-
tively up-regulated and down-regulated by high-
er than 2-fold in Calu-6 compared to U1752
(Supplementary Table 2). Interestingly, EREG
(epiregulin), a ligand of EGFR, was up-regulated
by 2.2-fold in Calu-6 compared to U1752. The
top 20 significantly expression-altered genes
were list in Table 1. Within these genes, TIMP3,
CDK15, TGFBI and IGFBP5 were up-regulated,
while HIST1H3I, HSPA13 and CYP24A1 were
down-regulated.

The 353 genes (177 up-regulated genes and
176 down-regulated genes) were applied to IPA.
These genes were mainly enriched in regulation
of epithelial-mesenchymal transition (EMT)

Int J Clin Exp Pathol 2013;6(8):1493-1504
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pathway, Wnt-3 catenin signaling, Tec kinase
signaling and some types of cancer-related sig-
naling (Table 2 and Figure 2). 11 genes were
involved in regulation of EMT pathway (Figure
3A). Among these genes, TGFB2, TGFBR2,
HMGA2, SNAI2, MMP2, TCF4, FZD7 and CDH12
were up-regulated, while Wnt2, HGF and FGF5
were down-regulated. Although expression of 3
upstream genes (Wnt2, HGF and FGF5) was
decreased, the other upstream signaling mole-
cules (TGFB2 and TGFBR2) and downstream
effectors (SNAI2, MMP2 and CDH12) were up-
regulated. This result suggests that EMT-
regulation pathway is activated in Calu-6, cell
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line relatively insensitive to erlotinib, compared
to U1752. Additionally, there were 7 genes
linked to Tec kinase signaling (Figure 3B).
Expression of 4 genes (TLR4, GNG2, PRKD1
and RND3) was elevated whereas 3 genes
(TNFSF10, GNAL and GNB4) were down-regu-
lated. Furthermore, genes associated to cyto-
Kine-cytokine receptor interaction (EGFR,
CX3CL1, CXCL16 and CXCR4) were also expres-
sion-altered markedly in Calu-6 compared to
U1752.

RAF1-MAP2K1 and downstream signaling
ERK/AKT were predicted to be activated in
erlotinib-resistant NSCLC cell line

In the other hand, mechanistic network analy-
sis of IPA showed that RAF1 (C-RAF, Figure 4A),
MAP2K1 (MEK1, Figure 4B) and SNAI (Figure
4C) were predicted to be activated in erlotinib-
resistant NSCLC cell line compared to erlotinib-
sensitive cell line. The prediction of RAF1 acti-
vation was based on that 13 genes in the
353-gene list were regulated by RAF1 and that
expression directions of 9 out 13 genes were
consistent with RAF1 activation, as described
before [26-28] (Supplement Table 3). For exam-
ple, PTGS2 [26], HMGA2 [27], and RND3 [28]
were reported to be up-regulated by RAF1,
while in our microarray data these 3 genes
were all expression-increased in Calu-6, erlo-
tinib-resistant cell line. This indicated that RAF1
was activated in Calu-6. Based on the same
way, MAP2K1 and SNAI were predicted to be
activated. Interestingly, the downstream signal-

Int J Clin Exp Pathol 2013;6(8):1493-1504
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ing ERK and AKT were predicted to be activated
following RAF1 and MAP2K1 activation.

gPCR validation of microarray data

To validate the microarray data, qPCR was per-
formed for 13 genes whose basal expression
altered markedly in Calu-6 compared to U1752.
Among these 13 genes, CXCL16 was down-reg-
ulated by 67-fold, CXCR4 was down-regulated
by 64-fold, Myc and Tp53 were down-regulated
by 29-fold, CTNNA1 (a-catenin) was down-regu-
lated by 28-fold, EGFR was up-regulated by 2.7-
fold, RET up-regulated by 2.9-fold and CX3CL1
was up-regulated by 6.6-fold. Fold changes of
these genes’ expression determined by qPCR
and microarray were log2 transformed and
shown in Figure 5. The change folds varied
between qPCR and microarray data, however,
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the expression trends of all the 13 genes were
consistent. The correlation between both data
sets was examined using R? and an R? value of
0.93 was obtained, suggesting a strong overall
concordance of expression trends between the
microarray and qPCR data. The most dramati-
cally expression-altered genes validated by
gPCR were CXCL16, CXCR4, Myc, TP53, EGFR,
RET and CX3CL1, genes involved in cytokine-
cytokine receptor interaction, receptor tyrosine
kinase and caner signaling pathways.

ERK and AKT were activated in erlotinib insen-
sitive cell lines

Since expression of EGFR was up-regulated sig-
nificantly and that ERK and AKT were predicted
to be activated in Calu-6 compared to U1752,
we next investigated the activation status of
EGFR and its downstream signaling ERK and

Int J Clin Exp Pathol 2013;6(8):1493-1504
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AKT in the 3 NSCLC cell lines by western blot-
ting (Figure 6). The p-EGFR (Y1173) was up-
regulated stepwise from U1752 to Calu-6 to
NCI-H292, whereas the p-EGFR (Y1086) was
detected only in NCI-H292 but not in Calu-6
and U1752. The p-AKT was increased gradually
from U1752 to Calu-6 to NCI-H292. The p-ERK
was also shown similar pattern among those
three cell lines. The protein expression of p-ERK
and p-AKT was basically increased from sensi-
tive cell line to insensitive cell lines. Our data
suggest that ERK and AKT are highly activated
in erlotinib-resistant NSCLC cell lines.

Discussion

The fact that advanced NSCLC patients with wt
EGFR can benefit from erlotinib therapy makes
it essential to uncover biomarkers for effective
selection of patients and improving the thera-
py. In present study, 3 NSCLC cell lines with wt
EGFR and different sensitivities to erlotinib
were employed to perform microarray analysis.
The differential basal expression between
NSCLC cell lines was analyzed and the expres-
sion-altered genes were applied to IPA.
Expression of 13 genes was validated by qPCR
and the activation status of EGFR and its down-
stream signal ERK/AKT were examined by
western blotting.

Since erlotinib is an EGFR tyrosine kinase inhib-
itor (TKI), EGFR expression level is one of the
most frequently mentioned signature for erlo-
tinib sensitivity. However, in this work, the
expression of EGFR was as follows: Expression
in NCI-H292 was approximately equal to that in
U1752 (data not shown), while expression level
in Calu-6 was increased by 2.7-fold compared
to U1752. This was not in line with erlotinib sen-
sitivities of these cell lines. The subsequent
immunoblotting experiments showed that
p-EGFR (Y1086) was detectable only in NCI-
H292 cell line but not either in U1752 and Calu-
6 or in the other two erlotinib-resistant NSCLC
cell lines, NCI-H1975 and NCI-H1395 (IC50
dose to erlotinib at 72 h was 0.32 + 0.09 and
1.49 + 0.96 pmol/L, respectively; data not
shown). Although p-EGFR (Y1086) has been
implicated to cancer cells invasion and prolif-
eration [29, 30], it is not likely to be a predictive
marker for erlotinib sensitivity, based on our
data. At the same time, p-EGFR (Y1173) was
up-regulated gradually from erlotinib-sensitive
cell line to erlotinib-insensitive cell lines,
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according to their sensitivities to erlotinib.
However, previous reports have suggested that
EGFR activation mutation was predictive mark-
er for sensitivity to erlotinib. The aberrant acti-
vation of EGFR (Y1173) in cancer cells harbor-
ing wt EGFR seems likely to confer resistance
to erlotinib. In summary, either mRNA expres-
sion of EGFR or p-EGFR (Y1086) may not be
potential marker for erlotinib sensitivity in
patients harboring wt EGFR.

Activation of bypass pathway or downstream
signaling molecules is one of the crucial mech-
anisms by which cancer cells confer resistance
to targeted therapy. For example, constitutive
phosphorylation and activation of HER2 and
EGFR caused by HER2 kinase domain mutation
[11], activating ERBB3 signaling resulted from
MET amplification [14], high kB in NSCLC
patients [31] and downstream BRAF activation
[12] all confer resistance of cancer cells to
EGFR TKI. Recently, a number of studies sug-
gest that the PI3K/Akt signaling pathway is
central to NSCLC growth and survival [32-34].
In this work, mechanistic network analysis by
IPA predicted that RAF1, MAR2K1, SNAI and
downstream signaling ERK/AKT were activat-
ed. Although the mRNA expression levels of
these 3 genes (RAF1, MAR2K1, SNAI) were not
altered significantly (data not shown), the up-
regulation of downstream molecules positively
regulated by these 3 genes indicated that pro-
tein expression levels of these 3 genes were
increased. Subsequent immunoblotting experi-
ments validated that p-ERK and p-AKT protein
expression increased stepwise from erlotinib
sensitive cell line to insensitive cell lines, pro-
posing that p-ERK and p-AKT expression is
potential biomarkers for erlotinib resistance
and p-ERK and p-AKT may serve as a therapeu-
tic target for combination therapy with EGFR
TKI in NSCLC patients bearing wt EGFR.
Furthermore, PRKD1, one member of PKC fam-
ily, was up-regulated in Calu-6 compared to
U1752. PRKD1 was proposed to mediate
anchorage-dependent and  -independent
growth of tumor cells via the zinc finger tran-
scription factor Snaill [35]. The activation of
PRKD1 may be another reason that NSCLC
cells confer resistance to erlotinib. The possi-
ble mechanism of erlotinib resistance in NSCLC
cell lines with wt EGFR was illustrated in Figure
7.
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As for the increased mRNA level of EGFR in
Calu-6, it is probable to be illuminated by the
up-regulation of ErbB ligands (TGF-«, EREG and
NRG4, see in Figrue 7) and cytokine (CX3CL1).
In our data, TGF-a, EREG, NRG4 and CX3CL1
were up-regulated by 2.2-, 2.2-, 2.1- and 6.6-
fold, respectively, in Calu-6 compared to U1752
(Supplementary Table 2 and Figure 5). It was
reported that CX3CL1 has anti-apoptotic and
proliferative effects on human vascular smooth
muscle cells via epiregulin-induced EGFR sig-
naling [36], CX3CL1 promotes breast cancer
via transactivation of the EGFR pathway [37]
and that CX3CL1 induced the phosphorylation
and activation of PI3K, AKT and ERK in rheuma-
toid arthritis fibroblast-like synoviocyte [38]
and chronic lymphocytic leukemia cells [39].
So, in some NSCLC cell lines, CX3CL1 may be
potential marker for EGFR TKI resistance.

Furthermore, our data also showed that EMT-
related pathways were elevated in erlotinib
insensitive cell line, which is exactly consistent
with previous report [17, 19, 20] and suggests
that our microarray data were reliable.
Moreover, genes associated to Tec kinase sig-
naling were expression-altered significantly in
erlotinib insensitive cell line, indicating that tec
kinases may be novel targets for cancer thera-
py as described before [40, 41].

Taken together, our results present a serial of
potential biomarker candidates for further vali-
dation in erlotinib sensitivity prediction. And the
AKT and EKT hyperphosphorylation contributes
to erlotinib resistance might provide the indica-
tion of combination with AKT/EKT inhibitor in
clinical erlotinib therapy. Moreover, our finding
might also suggest a mechanism of secondary
drug tolerance in patients treated with erlo-
tinib, although it needs to be addressed more.
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Supplementary data

Supplementary Table 1. Primers for qPCR validation

gene forward reverse

Actb caccatgtaccctggcatt gtacttgcgctcaggaggag
CCNT1 ACAACAAACGGTGGTATTTCACT CCTGCTGGCGATAAGAAAGTT
CNNM4 CAGGAGATTCGCACTGTTTACAA GGGCTCCGTCACCTTCAAC
CTNNA1 AAGCGAAGATTGCGGAACA CATTTGGACACTTCAGCATCCA
CX3CL1 CCATGAGTCCCCTGTTTGTTTC TGCCTACAACTTCCCCTTTCC
CXCL16 CAGAAGCAGCCGGAAAAAAAT GGACTGGCACTGTGGCTGAT
CXCR4 ACGCCACCAACAGTCAGAG AGTCGGGAATAGTCAGCAGGA
EGFR TCTGCCGCAAATTCCGAGAC GTGGGGTTGTAGAGCATGAGT
EPHB4 CCACCGGGAAGGTGAATGTC CTGGGCGCACTTTTTGTAGAA
MYC GGCGAACACACAACGTCTTG TGGTCACGCAGGGCAAA
RAB3D CACCATCACCACGGCCTACT CGGCAAAGGATTCCTGATTG
RET AAAGTGGCATTGGGCCTCTAC GCAGGGCATGGACGTACAG
STK10 TCAGGAGTCCCACCTTGCAT GCATTCCATTTCCCCCTGAT
TP53 CAGCACATGACGGAGGTTGT TCATCCAAATACTCCACACGC

Supplementary Table 2. Significantly expression-altered genes in Calu-6 compared to U1752

Probe Set ID Gene Symbol Normalized difference fold change P value

8151532 FABP4 2.6974 6.486319 2.29E-03
8072626 TIMP3 2.6526 6.287995 6.80E-04
8047467 CDK15 2.4937 5.632206 3.55E-04
8108217 TGFBI 2.4842 5.59524 4.46E-04
7954090 EMP1 2.3863 5.228148 6.63E-04
7982597 THBS1 2.2967 4.913326 3.31E-05
8120967 NT5E 2.2249 4.674785 7.40E-06
7908388 RGS1 2.2249 4.674785 8.63E-04
8058857 IGFBP5 2.1317 4.382336 8.98E-04
8003667 SERPINF1 2.1011 4.290364 1.37E-03
8021081 SLC14A1 2.0958 4.274631 9.29E-04
8166611 MAGEB2 2.0954 4.273446 7.97E-04
7948229 SLC43A3 2.0428 4.120445 4.65E-05
8059905 COL6GA3 2.0232 4.064844 3.43E-03
8102950 INPP4B 2.0215 4.060057 1.50E-03
7954196 MGST1 2.0159 4.044328 9.41E-04
8081548 PVRL3 2.013 4.036207 1.07E-04
8109677 GABRG2 1.992 3.977881 8.99E-04
7962579 AMIGO2 1.9752 3.931827 6.39E-04
8157524 TLR4 1.9164 3.774799 7.73E-03
7914270 LAPTM5 1.8676 3.64925 2.98E-04
8045664 LYPDEB 1.8387 3.576876 4.12E-05
8138381 AGR2 1.7371 3.333644 9.14E-03
8152512 TNFRSF11B 1.7184 3.290713 1.10E-02
7974341 GNG2 1.7124 3.277055 1.36E-03
8147000 ZFHX4 1.7074 3.265718 1.36E-03
8058765 FN1 1.6959 3.239789 1.17E-04



8140709
8140967
8129974
8040365
8113234
8152606
7983718
7947230
7944351
8100109
8147030
8077899
8021169
7972713
8104901
8078350
8057506
7955613
8138745
8051573
8095508
8036710
7972003
8106660
8018975
8089082
8104663
7922976
7917912
8066822
7960362
8106448
8068022
8080810
8115327
7957140
8163637
8128991
8013753
8078330
8150962
7955441
7987145
7939932
8023415
8139500
8106743
8049487
7959856

KIAA1324L
SAMD9
FUCA2
TRIB2
PCSK1
SNTB1
SCG3
BDNF
FOXR1
GABRA2
STMN2
PPARG
LIPG
EFNB2
IL7R
TGFBR2
FRZB
KRT7
HOXA7
CDC42EP3
AMTN
GMFG
KLF12
RASGRF2
LGALS3BP
DCBLD2
CDH6
PTGS2
DPYD
SULF2

LOC100128816

PDESB
MIR155
PTPRG
SPARC
LGR5
TNC
LAMA4
RAB34
RBMS3
TOX
METTL7A
FMN1
OR4C6
TCF4
TNS3
VCAN
MLPH
PIWIL1

1.6903
1.6825
1.6594
1.6538
1.6491
1.6442
1.6375
1.636
1.6266
1.6191
1.6173
1.5784
1.5772
1.5685
1.5617
1.553
1.5393
1.5239
1.5042
1.494
1.4848
1.4735
1.4689
1.4674
1.4653
1.4594
1.452
1.4476
1.4436
1.4386
1.4257
1.4252
1.42
1.4137
1.402
1.3987
1.3952
1.3901
1.3877
1.3794
1.375
1.3749
1.37
1.3451
1.3405
1.3394
1.3354
1.3335
1.3247

3.227238
3.209837
3.158851
3.146614
3.136379
3.125745
3.111262
3.108029
3.087844
3.071833
3.068003
2.986385
2.983902
2.965962
2.952015
2.934267
2.906534
2.875674
2.836673
2.816688
2.798784
2.776948
2.768108
2.765231
2.761209
2.74994
2.735871
2.727539
2.719987
2.710577
2.686448
2.685517
2.675855
2.664196
2.642677
2.636639
2.63025
2.620968
2.616612
2.601602
2.593679
2.593499
2.584706
2.540478
2.532391
2.530461
2.523454
2.520133
2.504808
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3.18E-03
2.02E-02
6.26E-04
6.82E-03
2.31E-04
4.46E-03
5.74E-03
4.14E-03
3.07E-04
9.34E-06
1.03E-03
2.48E-05
6.94E-04
1.36E-04
9.35E-03
2.97E-03
5.08E-03
2.30E-02
2.33E-02
6.65E-04
9.02E-03
3.70E-03
3.06E-05
9.85E-04
1.39E-03
8.59E-04
2.91E-04
1.11E-03
2.71E-04
6.38E-04
1.61E-03
4.69E-03
4.54E-03
2.98E-03
2.24E-04
4.91E-03
6.95E-04
6.92E-03
7.58E-03
3.76E-04
4.99E-03
1.96E-03
6.69E-03
5.44E-04
9.23E-05
3.66E-04
1.82E-03
5.68E-04
5.61E-03



7962559
8046078
8111387
8140971

8138749

8044212
8047738
8005171

7909789
7902541
7967325
8175710

8081431
8103769

7995681
7944667
8114938
7986214
8148040
8170576

8111234
8150419
7920291
8150698
7978407
7908072
8150881
8142981
8035304
8170580
8140955
8020973
8095728
8094789
7932985
7934979
7953321
8055688
7956867
8088776
7957298
7985147

7951372
8018754
8099591
8099633
7969665
8060997
8007100
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SLC38A4
B3GALT1
ADAMTS12
SAMDOL
HOXA9
SULT1C2
NRP2
TRPV2
TGFB2
IFI44L
HCAR1
CSAG3
ALCAM
HPGD
MMP2
SORL1
JAKMIP2
SLCO3A1
MAL2
CSAG1
CDH12
ZMAT4
S100A16
SNAI2
PRKD1
LAMC2
PLAG1
PODXL
BST2
CSAG3
CDK6
FHOD3
EREG
LIMCH1
NRP1
ANKRD1
LTBR
RND3
HMGA2
FOXP1
NAV3
DNAJA4
CASP4
CYGB
RN5S157
PPARGC1A
HS6ST3
SPTLC3
IGFBP4

1.3179
1.3152
1.3114
1.3078
1.3063
1.2943
1.2886
1.285
1.2834
1.2824
1.2821
1.2683
1.2634
1.2591
1.2573
1.2561
1.253
1.2481
1.2412
1.2332
1.2295
1.2287
1.2286
1.2282
1.2094
1.201
1.1972
1.1907
1.1906
1.1855
1.1836
1.4717
1.1699
1.1609
1.1593
1.1553
1.1546
1.1517
1.1514
1.1466
1.1397
1.1346
1.1288
1.1249
1.1248
1.1236
1.1213
1.1209
1.1205

2.49303
2.488368
2.481823
2.475637
2.473065

2.45258
2.442909
2.436821

2.43412
2.432433
2.431927
2.408776
2.400608
2.393464
2.390479
2.388492
2.383365
2.375284
2.363951
2.350879
2.344857
2.343557
2.343395
2.342745
2.312414

2.29899
2.292942
2.282635
2.282476
2.274422
2.271429

2.25277
2.249961
2.235969

2.23349
2.227306
2.226226
2.221755
2.221293
2.213915
2.203352
2.195577
2.186768
2.180864
2.180713

2.1789
2.175429
2.174826
2.174223

3.25E-03
4.46E-03
1.25E-02
1.90E-03
9.83E-04
8.81E-04
1.71E-03
4.82E-04
1.37E-04
1.51E-02
1.87E-04
3.30E-03
3.18E-03
3.69E-04
2.59E-03
6.38E-04
2.56E-06
2.00E-03
1.69E-03
3.64E-03
1.39E-03
9.84E-04
4.51E-03
4.79E-04
2.45E-02
1.85E-03
3.34E-02
5.81E-04
2.98E-02
2.79E-03
1.09E-04
3.41E-03
5.39E-05
1.54E-03
1.57E-03
5.55E-04
6.99E-03
1.31E-03
3.59E-04
4.11E-04
2.48E-03
3.80E-03
1.03E-03
4.85E-03
1.15E-02
1.42E-04
1.11E-03
2.57E-03
1.70E-05



8093332
8113130
7957338
8079217

7939341
8081590
8047487

8052872
8166747

8037079
7908409
8065071
8045499
7917754
8039075
8085797
8013329
8013325
8013323
8005553
8005547
7905329
8083594
7917944
8051864
8108447
8045674
8172043
8059413
7990555
8138741

7973974

8069269
8102342
7914342
8081564
7986293
7930498
7950899
8029006
7962000
8091972
8068633
8054479
7929711
8150988
8059580
7982000
7899627
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ZNF876P
MCTP1
SYT1
ZNF35
CDh44
PHLDB2
FzD7
TGFA
SYTL5
ATP1A3
RGS2
FLRT3
HNMT
BCAR3
VN1R4
THRB
SNORD3D
SNORD3B-2
SNORD3B-1
SNORD3B-2
SNORD3D
MLLT11
PTX3
MIR137
LOC728819
CXXC5
LYPD6
SRPX
DOCK10
NRG4
HOXA6
PAX9
COL6A1
ELOVLG
FABP3
CD96
MCTP2
ACSL5
RAB38
AXL
PTHLH
MECOM
B3GALT5
MALL
GOLGA7B
ASPH
DNER
SNORD116-26
TINAGL1

1.1194
1.1192
1.1183
1.1158
1.113
1.1106
1.1083
1.1078
1.1063
1.1043
1.1036
1.1032
1.097
1.0921
1.0881
1.0879
1.0859
1.0856
1.0855
1.0852
1.0851
1.0827
1.0809
1.0715
1.0669
1.0662
1.0646
1.0625
1.0512
1.0492
1.0473
1.0471
1.0467
1.0421
1.0405
1.0399
1.0396
1.0349
1.032
1.0302
1.0294
1.0256
1.0207
1.0158
1.0138
1.0134
1.0113
1.0095
1.007

2.172566
2.172265
217091
2.167151
2.16295
2.159354
2.155915
2.155167
2.152928
2.149945
2.148902
2.148307
2.139094
2.131841
2.125939
2.125644
2.122699
2.122258
2122111
2.12167
2121523
2.117996
2.115355
2.101617
2.094927
2.093911
2.09159
2.088548
2.072253
2.069382
2.066658
2.066372
2.065799
2.059223
2.05694
2.056085
2.055658
2.048972
2.044857
2.042307
2.041175
2.035806
2.028903
2.022024
2.019223
2.018663
2.015727
2.013213
2.009728

2.02E-02
1.24E-02
5.02E-05
1.62E-02
9.63E-04
1.84E-03
2.94E-04
4.15E-03
1.79E-03
2.44E-04
8.83E-05
3.35E-03
1.30E-03
8.69E-04
1.83E-02
4.55E-03
4.37E-04
4.39E-04
4.38E-04
4.38E-04
4.38E-04
6.21E-04
5.25E-03
3.86E-02
1.48E-02
2.25E-04
1.99E-02
5.92E-05
2.50E-02
3.64E-05
1.84E-03
1.50E-03
8.71E-04
4.41E-04
2.91E-03
3.72E-03
3.32E-04
1.59E-02
1.93E-03
2.45E-03
3.87E-03
2.39E-03
1.33E-02
1.93E-03
4.00E-02
1.28E-04
2.58E-03
1.48E-02
2.81E-03



8162216
7930980
8145977

8117422

8105908
8142471

7976836
8048026
8155864
7928994
8148317

8163896
8091715

8140579
8054297
8108378
8081758
7918768
8075390
8111255
8005603
7961215
7932765
8051583
7976073

7958200
8149825
7956878
8109938
8124534
8113103
8075142

7917276

8022692
8149835
8076094
8151931
7960947
7964834
8036309
8174654

8091515
8020164
7901460
8062873
8169249
8066431
8111203
7954293
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SHC3
PPAPDC1A
PLEKHA2
HIST1HAF
OCLN
WNT2
MIR495
CPS1
RORB
LIPK
MYC
STOM
LXN
CACNA2D1
CHST10
CTNNAL
GRAMD1C
DENND2C
SEC14L4
CDH10
SLCA7TAL
STYK1
MPP7
CYP1B1
FLRT2
EID3
STC1
IRAK3
RANBP17
HIST1H4L
KIAA0825
T1C28
LPAR3
DSC3
NEFL
DMC1
TSPYL5
A2M
CPM
ZFP82
KLHL13
GPR87
GNAL
GPX7
KCNK15
MID2
ADA
LOC285696
PDE3A

1.0051
1.0029
1.0026
-1.0015
-1.0033
-1.0089
-1.0104
-1.0164
-1.0183
-1.0261
-1.0329
-1.0362
-1.0482
-1.049
-1.05
-1.0562
-1.0567
-1.0692
-1.0693
-1.0699
-1.0746
-1.0767
-1.0818
-1.083
-1.0866
-1.0872
-1.0901
-1.0902
-1.0906
-1.0915
-1.0953
-1.0954
-1.0977
-1.1087
-1.109
-1.1096
-1.1214
-1.1241
-1.1278
-1.1313
-1.1338
-1.1345
-1.136
-1.1453
-1.1475
-1.1547
-1.1648
-1.1649
-1.1661

2.007083
2.004024
2.003608
0.49948
0.498858
0.496925
0.496409
0.494348
0.493698
0.491036
0.488727
0.48761
0.483571
0.483303
0.482968
0.480897
0.48073
0.476583
0.47655
0.476352
0.474803
0.474112
0.472439
0.472046
0.47087
0.470674
0.469729
0.469696
0.469566
0.469273
0.468039
0.468006
0.467261
0.463712
0.463615
0.463423
0.459648
0.458788
0.457613
0.456504
0.455714
0.455493
0.455019
0.452096
0.451407
0.44916
0.446026
0.445995
0.445624

6.91E-04
2.44E-03
3.74E-04
1.15E-02
5.86E-04
1.18E-02
3.85E-02
3.94E-03
3.87E-04
5.76E-06
4.49E-04
1.21E-03
9.21E-05
4.78E-05
1.17E-02
2.09E-04
1.34E-02
4.45E-03
1.44E-02
4.77E-05
8.13E-03
1.33E-03
2.05E-03
5.76E-04
9.05E-03
1.53E-03
8.66E-05
3.86E-04
7.07E-03
1.10E-03
5.35E-03
3.73E-04
6.27E-03
2.36E-02
7.53E-03
5.44E-03
2.55E-04
1.19E-03
8.36E-03
2.18E-03
1.28E-03
2.22E-02
2.87E-04
1.28E-03
2.58E-03
1.42E-03
1.88E-03
4.09E-03
5.28E-04



7991070
8173299
8149574

8147796

7984704
8108713

8051298
8123920
8068100
8011713

8114354
7944803
8063458
8039054
8024712

8133728
7898916
8081219
8073766

8107673

8135661
8022176

8113358
8089015
8047788
8015412
8020384
8055952
8014248
8146738
8128553
8144742

8072229
8121749

8100870
7961440
8096050
8117045
8052399
8100338
8116874

8149927
8174598

8141094

8096061
8099760
8104107

8122240
8173059

HDGFRP3 -1.1694
EDA2R -1.1779
CSGALNACT1 -1.1783
RIMS2 -1.1855
NEO1 -1.1885
PCDHBS8 -1.1963
GALNT14 -1.2016
ELOVL2 -1.2032
LINCO0189 -1.2042
CXCL16 -1.205
NMES -1.2056
VWASA -1.2078
DOK5 -1.208
ZNF347 -1.2092
ATCAY -1.2102
ZP3 -1.2115
GRHL3 -1.2132
ST3GAL6 -1.2151
RIBC2 -1.2154
GRAMD3 -1.2192
CFTR -1.2237
LAMAL -1.2313
ST8SIA4 -1.2335
PROS1 -1.2447
ADAM23 -1.2581
JUP -1.2591
GREB1L -1.2615
NR4A2 -1.2634
SLFN13 -1.2668
MCMDC2 -1.275
BVES -1.2751
EFHA2 -1.2792
NEFH -1.2854
GJA1 -1.2879
ADAMTS3 -1.2897
PLBD1 -1.294
FGF5 -1.2985
RBM24 -1.301
BCL11A -1.3066
ERVMER34-1 -1.3067
SYCP2L -1.3186
CLU -1.3291
IL13RA2 -1.3321
PDK4 -1.333
C4orf22 -1.3442
ARAP2 -1.3519
TRIML2 -1.3579
RN5S219 -1.3612
WNK3 -1.3673

0.444606
0.441994
0.441872
0.439672
0.438759
0.436393
0.434793
0.434311
0.43401
0.433769
0.433589
0.432928
0.432868
0.432508
0.432209
0.431819
0.431311
0.430743
0.430654
0.429521
0.428183
0.425933
0.425284
0.421996
0.418094
0.417805
0.41711
0.416561
0.415581
0.413225
0.413197
0.412024
0.410257
0.409547
0.409036
0.407819
0.406549
0.405845
0.404273
0.404244
0.400924
0.398016
0.39719
0.396942
0.393872
0.391776
0.39015
0.389258
0.387616
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5.28E-03
2.92E-03
1.00E-03
7.77E-03
4.62E-04
1.04E-02
1.24E-03
5.90E-03
8.27E-03
2.78E-02
6.84E-03
2.01E-04
1.04E-03
1.55E-03
9.25E-04
3.18E-02
2.61E-04
3.74E-04
1.38E-03
3.29E-04
2.49E-04
1.94E-03
3.14E-03
6.01E-03
1.91E-03
7.82E-04
1.20E-02
1.03E-04
2.93E-03
2.31E-03
4.77E-03
1.18E-03
3.44E-03
5.40E-04
6.00E-03
1.77E-03
7.77E-04
1.03E-03
4.09E-03
3.09E-03
3.84E-03
2.58E-04
7.62E-04
8.05E-04
2.38E-03
2.42E-03
2.14E-03
5.57E-03
2.97E-03



8169186
8051762

7965231
7983478
8054135
8175234
8123315
8014233
8122150
8111569
8031398
7971077

7901497
7901720
8127767

8123864
8141066
8092169
8098856
8054281
8092251
8056323
8006433
7943413
8151341
8112007
8142079
8083616
8035813
7907222
8070632
7988414
7932453
8094751
8166314
8167701
8167710

8172757

8083743
8122365
8104601
8076704
8108697
7910030
8080847
8031632
8022711
8083968
8056611
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TBC1D8B
SLC8A1
MGAT4C
C150rf48
MGAT4A
GPC3
QKiI
SLFN11
EYA4
RANBP3L
NLRP2
POSTN
ZYG11A
PRKAA2
ELOVL4
TFAP2A
PON3
TNFSF10
RNF212
LONRF2
GNB4
FIGN
CCL2
BIRC3
TRPAL
EMB
EFCAB10
MLF1
ZNF43
PRRX1
CBS
GATM
NEBL
CHRNA9
PPEF1
XAGE1B
XAGE1A
XAGE1E
ARL14
GPR126
BASP1
SMC1B
PCDHB5
DNAH14
C3orfl14
ZNF542
DSC2
NLGN1
LRP2

-1.3733
-1.3822
-1.3823
-1.4026
-1.4041
-1.4092
-1.4101
-1.4146
-1.4178
-1.424
-1.427
-1.4323
-1.4335
-1.4367
-1.443
-1.4518
-1.4522
-1.4559
-1.4599
-1.4684
-1.4732
-1.4817
-1.4818
-1.483
-1.4885
-1.4991
-1.5014
-1.5048
-1.5054
-1.5115
-1.5179
-1.5273
-1.5448
-1.5464
-1.5553
-1.5561
-1.5562
-1.5565
-1.5684
-1.5892
-1.6077
-1.6131
-1.6174
-1.636
-1.6458
-1.655
-1.666
-1.6713
-1.6966

0.386007
0.383633
0.383607
0.378247
0.377854
0.37652
0.376286
0.375114
0.374283
0.372678
0.371903
0.37054
0.370232
0.369411
0.367802
0.365565
0.365464
0.364528
0.363518
0.361383
0.360183
0.358067
0.358042
0.357744
0.356383
0.353774
0.35321
0.352379
0.352233
0.350746
0.349194
0.346926
0.342743
0.342363
0.340258
0.340069
0.340046
0.339975
0.337182
0.332356
0.328121
0.326895
0.325922
0.321747
0.319569
0.317538
0.315126
0.31397
0.308512

1.01E-02
4.46E-04
7.20E-03
1.02E-02
5.10E-03
1.22E-03
1.71E-02
1.42E-03
3.42E-03
2.79E-03
3.90E-03
7.70E-03
1.32E-02
1.04E-04
1.10E-02
1.35E-03
1.98E-03
1.63E-03
2.12E-04
3.76E-04
1.68E-02
1.32E-03
2.66E-04
5.40E-04
3.79E-03
2.81E-03
5.91E-03
2.30E-02
6.57E-03
1.45E-04
6.80E-04
4.38E-03
2.54E-04
1.91E-03
1.58E-03
1.19E-03
1.19E-03
1.19E-03
1.60E-03
7.32E-04
8.28E-04
1.79E-05
9.23E-03
7.91E-03
4.96E-04
6.00E-04
6.67E-04
1.14E-02
2.17E-03
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8175539 LDOC1 -1.6995 0.307893 9.97E-04
7927827 MYPN -1.7026 0.307232 4.16E-03
8144726 TUSC3 -1.7034 0.307062 1.29E-03
8124604 TRNAA46P -1.7061 0.306487 4.80E-03
7926545 PLXDC2 -1.7085 0.305978 2.30E-05
8135697 ANKRD7 -1.727 0.302079 4.24E-04
8052355 EFEMP1 -1.7591 0.295432 8.81E-03
8094778 UCHL1 -1.7683 0.293554 9.12E-04
8052438 LOC339803 -1.7751 0.292174 2.08E-02
8098379 WDR17 -1.8297 0.281323 7.45E-04
7957452 ALX1 -1.8515 0.277104 7.14E-04
8150138 TEX15 -1.8548 0.276471 1.96E-04
8140556 HGF -1.8902 0.26977 9.05E-05
8067903 USP25 -1.936 0.26134 9.69E-05
7934215 SPOCK2 -1.9485 0.259085 1.22E-04
7903227 PALMD -1.9585 0.257296 3.43E-04
8007643 C170rf104 -1.9625 0.256583 8.34E-04
8127502 LINCO0472 -1.9658 0.255997 4.68E-05
8113773 ALDH7A1 -1.9826 0.253033 8.97E-03
7937079 BNIP3 -1.9953 0.250816 4.94E-05
8170531 MAGEA4 -2.0525 0.241066 2.53E-03
7962250 CPNE8 -2.0745 0.237418 5.26E-03
7944769 GRAMD1B -2.0779 0.236859 7.15E-04
8124531 HIST1H3I -2.0804 0.236449 4.36E-04
7922994 FAM5C -2.1145 0.230926 1.93E-04
8069532 HSPA13 -2.2188 0.21482 4.90E-04
8105040 OSMR -2.2762 0.206441 1.59E-03
7957458 NTS -2.4193 0.186947 1.88E-04
8067140 CYP24A1 -2.4803 0.179207 1.88E-05
7930208 INA -2.503 0.176409 7.36E-04
8112980 EDIL3 -2.6215 0.162499 7.84E-04
8141016 TFPI2 -3.1938 0.109287 5.08E-06
Supplementary Table 3. 13 genes regulated by RAF1
Probe ID Genes in da- Prediction (based on Fold Change Findings
taset expression direction)
7954090 EMP1 Activated 5.228 Upregulates
7908388 RGS1 Activated 4.675 Upregulates
8089082 DCBLD2 Activated 2.750 Upregulates
7922976 PTGS2 Activated 2.728 Upregulates
7934979 ANKRD1 Activated 2.227 Upregulates
8055688 RND3 Affected 2.222 Regulates
7956867 HMGA2 Activated 2.221 Upregulates
7939341 CD44 Activated 2.163 Upregulates
7962000 PTHLH Activated 2.041 Upregulates
8105908 OCLN Activated -2.005 Downregulates
8148317 MYC Inhibited -2.046 Upregulates
8105040 OSMR Inhibited -4.844 Upregulates
8141016 TFPI2 Inhibited -9.150 Upregulates




