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of lung adenocarcinoma cells: a Connectivity Mapping 
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Abstract: Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKI) have been used as a powerful 
targeting therapeutic agent for treatment of lung adenocarcinoma for years. Nevertheless, the efficacy of TKI was 
hampered by the appearance of acquired TKI-resistance. In the present study, we aimed to search, predict, and 
screen the agents that can overcome the acquired TKI-resistance of lung adenocarcinoma by using the expression 
profiles of differentially expressed genes (DEGs) and Connectivity map (CMAP). The profiles of DEGs were obtained 
by searching GEO microarray database, and then, they were submitted to CMAP for analysis in order to predict and 
screen the agent that might reverse the TKI-resistance of lung cancer cells. Next, the effects of the selected agent 
on TKI-resistant cancer cells were tested and the possible signaling pathways were also evaluated. As a result, val-
proic acid (VPA) was selected. Then, we used a low-concentration of VPA that has little effect on the cell growth for 
analysis. Interestingly, the results showed that treatment with a combination of VPA and Erlotinib significantly led to 
a decrease in cell viability and an increase in cell apoptosis for TKI-resistant HCC827-ER cells, relative to those treat-
ed with VPA or Erlotinib alone. Further experiments confirmed that inhibition of MAPK and AKT might be involved 
in this process. Analyzing the DEGs through the CMAP is a good strategy for exploitation of anti-tumor agents. VPA 
might markedly increase the sensitivity of TKI-resistant lung adenocarcinoma cells to Erlotinib, thus reversing the 
acquired TKI-resistance of cancer cells and raising VPA as a potential agent for TKI-resistant lung cancer therapy. 
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Introduction

Lung cancer, a malignant lung tumor character-
ized by uncontrolled cell growth in tissues of 
the lung, is one of the leading causes of cancer-
related mortality worldwide, with most cases 
refractory to surgical resection because 40% of 
which is in an advanced stage at the time of 
diagnosis [1]. Thus, the five-year survival rate 
for this disease is often low. 

Non-small cell lung cancer (NSCLC) accounts 
for about 80% of all lung cancer cases, of which 
lung adenocarcinoma has replaced squamous 
cell carcinoma as the most common subtype 
for years. Although the treatment for early-
stage lung adenocarcinomas is primarily surgi-
cal, chemotherapy has been applied as the 

main treatment approach for lung cancers in 
their late-stages [2]. Conventional chemothera-
py including application of cisplatin in combina-
tion with other anti-tumor agents has been the 
first treatment plan for advanced lung cancer. 
However, the efficacy of both treatments has 
been weakened by the occurrence of chemore-
sistance in most cases. Cancer biotherapy has 
attracted much attention and been recently 
proven to be a promising treatment strategy.

Epidermal growth factor receptor (EGFR) has 
been regarded as a target for cancer therapy for 
several years because EGF has been indicated 
to stimulate the proliferation and metastasis of 
cancer cells through complex mechanisms [3]. 
The discovery of mutations of EGFR in 15-20% 
of lung adenocarcinomas has provided a suc-
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cessful way for treatment of high-stage adeno-
carcinomas through EGFR-targeting therapeu-
tic methods [2]. EGFR-targeted treatment can 
induce DNA damage and abrogate G2/M phase 
of the cell cycle, leading to lung cancer cell 
apoptosis and tumor growth suppression in 
vitro and in vivo [4]. EGFR tyrosine kinase inhib-
itors (TKI), Gefitinib and Erlotinib, have clinically 
been used for treatment of a variety of malig-
nant disorders, especially EGFR-mutated lung 
carcinoma [5]. They have been proven to be 
effective for lung adenocarcinoma patients har-
boring mutated EGFR but not wild-type EGFR 
[6]. Moreover, a recent meta-analysis has 
revealed that the TKIs could significantly pro-
long the overall survival time of the lung cancer 
patients relative to those of the controls [7].  

Notably, the success of EGFR-targeted therapy 
is hampered by the threat of drug resistance in 
spite of the effectiveness of EGFR TKIs for lung 
cancer patients. Clinically, a proportion of 
patients exhibit de novo resistance to EGFR 
TKIs and are refractory to targeted therapy that 
is supposed to be effective based on the biolo-
gy and characteristic of the cancer, and some 
patients who initially respond to therapy obvi-
ously developed acquired resistance to the 
drug treatment [8]. The mechanisms underlying 
the acquired TKI-resistance remain unclear. 
Reports showed that loss of PTEN, a cancer 
suppressor, resulted from activation of PI3K/
AKT signaling pathways, increases cancer cell 
TKI-resistance [9]. Also, activation of MAPK 
pathways might play an important role in the 
TKI-resistance of EGFR-mutant cancer cells 
[10]. Moreover, over-expression of a receptor 
tyrosine kinase, AXL, might contribute to TKI-
resistance of EGFR-mutant lung cancer cells 
and thus might be regarded as a potential tar-
get for reversion of TKI-resistance [11]. 
Therefore, to find a new way abrogating or 
relieving the TKI-resistance is required for lung 
adenocarcinoma therapy. 

Cancer as a multi-gene disease requires power-
ful tools such as large-scale gene expression 
analysis provided by technological advances 
rather than traditional single gene studies for 
an understanding. The utilization of such analy-
sis may be useful in identifying new biomarkers 
that will help reverse the drug-resistance of 
cancer cells. Gene expression profiling is used 
as a powerful tool for demonstrating disease-

specific molecular mechanisms such as biologi-
cal pathways, and predicting drug response or 
resistance [12-14]. Connectivity Map (CMAP) is 
a collection of genomewide searchable data-
base from thousands of gene-expression sig-
natures of various cultured cancer cells 
exposed to a large collection of small molecule 
compounds [15] and thus has previously been 
used for discovery of the unexplored connec-
tions among small molecules, diseases and 
signaling pathways [16, 17]. Evidence shows 
that CMAP was used to identify LY294002, a 
PI3K inhibitor, a modulator of glucocorticoid 
resistance in infant acute lymphoblastic leuke-
mia and implementation of LY294002 might 
improve glucocorticoid response and the prog-
nosis of the disease [18]. For lung cancer, a 
phenothiazine-like antipsychotic drug, trifluo-
perazine [19], and a third generation tyrosine 
kinase inhibitor, bosutinib [20], were identified 
by CMAP to overcome and reverse EGFR-TKI 
resistance. 

In the present study, we aimed to discover 
agents that might overcome the acquired TKI-
resistance of EGFR-mutated lung adecarcino-
ma cells. We screened and ranked the genes 
differentially expressed in TKI-sensitive versus 
TKI-resistant lung cancer cells. The ranked 
gene list (denoted as signature) was then sub-
mitted to the CMAP database for analysis and 
identification of molecules or drugs. Among the 
candidate compounds found, Valproic acid 
(2-n-propylpentanoic acid, VPA) was selected 
as a potential therapeutic agent for TKI-
resistant lung cancer cells. In the subsequent 
validation experiments, the mechanisms of VPA 
reversing TKI-resistance were also evaluated. 

Materials and methods

Gene expression and Identification of differen-
tially expressed genes (DEGs)

Data were obtained from the Gene Expression 
Omnibus (GEO) database (http://www.ncbi.nlm.
nih.gov/geo/; accession number: GSE38310), 
comprising information about gene expression 
profile of TKI-sensitive lung adenocarcinoma 
cell HCC827 and its TKI-resistant clones that 
originated from HCC827 exposed to Erlotinib 
for a period of time from cell culture. 

The original data classified as HCC827 and its 
Erlotinib-resistant clone cell lines (HCC827-ER) 
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were analyzed using Welch’s t-test by dChip 
Software (Version: 2010.01) [21]. Then, 1.5-
fold change with a p value less than 0.05 was 
used as the cut-off criterion for selecting genes 
that were differentially expressed in the 
HCC827-ER group relative to the HCC827 
group. DEGs were screened and selected for 
further analysis. 

Identification of small molecules

The CMAP database (http://www.broad.mit.
edu/cmap/) contains whole genomic expres-
sion profiles for small active molecular infer-
ences, including 6,100 classes of small molec-
ular interference experiments and 7,056 
expression profiles. The DEGs, divided into up- 
and down-regulated groups and converted into 
a probe set on the HG-U133A platform, were 
submitted to CMAP for GSEA (Gene Set Enri- 
chment Analysis). Finally, a correlation score for 
each perturbagen was calculated, ranging from 
-1 to +1. According to the method in the litera-
ture [22], compounds with negative connectivi-
ty scores, which imply a mode of action by the 
matched compounds to reverse the expression 
direction of query genes in Erlotinib-resistant 
cells, were recorded as potential therapeutic 
agents for Erlotinib resistance.

Compounds and cell culture

The human lung cancer cell line, HCC827 cell 
line, was obtained from the American Type 
Culture Collection. The cells were cultured in 
DMEM medium that contained 10% fetal bovine 
serum in a humidified atmosphere with 5% CO2 
at 37°C. 

The HCC827-ER cell line was established by 
culturing HCC827 cells in 10% FBS culture 
media containing Erlotinib. Cells were initially 
maintained at an Erlotinib concentration of 
0.02 µM and the dose was gradually increased 
over a period of 18 weeks until the final con-
centration of Erlotinib was 15 µM. Then, single-
cell cloning techniques were used by which only 
actively dividing cells were chosen (indicating 
resistance). As a result, HCC827-ER cells were 
established. Then, HCC827-ER cells were main-
tained in 10% FBS in DMEM containing the final 
established Erlotinib concentration of 15 µM. 

Cell viability assay

For quantitative viability assays, the cells were 
plated in 96-well plates (1 × 104 cells/well). 3- 

(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra- 
zolium bromide (MTT) assays were performed 
to assess the cell viability. Sterile MTT dye (200 
µl; 5 mg/ml; Sigma, USA) was added. After the 
cells were incubated for 4 h at 37°C in 5% CO2, 
the MTT medium mixture was removed and 
200 µl of dimethyl sulfoxide was added to each 
well. Absorbance was determined at 490 nm by 
using a multi-well spectrophotometer (Thermo 
Electron, Andover, USA). 

Cell apoptosis analysis

Apoptotic cells were evaluated using an annex-
in V-FITC kit (Beyotime, China). The cells were 
scraped and stained with annexin V-FITC and 
propidium iodide according to the manufactur-
er’s protocol. In brief, the cells were washed 
with PBS. After 195 µl of the binding buffer was 
added, 5 µl of FITC-labeled annexin V was 
added and incubated for 10 min at 25°C. The 
cells were then incubated with 10 µl propidium 
iodide for 10 min in an ice bath in the dark and 
the apoptotic cells were determined by flow 
cytometry (FACS) analysis.

Western blot analysis 

The cells were harvested, pelleted by centrifu-
gation, washed with ice-cold PBS, and lysed 
with RIPA buffer [150 mM NaCl, 50 mM Tris 
base (pH 8.0), 1 mM EDTA, 0.5% sodium deoxy-
cholate, 1% NP-40, 0.1% sodium dodecyl sul-
fate (SDS), 1 mM DTT, 1 mM PMSF, and 1 mM 
Na3VO4] that was supplemented with a prote-
ase and phosphatase inhibitor. The proteins 
were separated by 10% SDS-polyacrylamide 
gel electrophoresis and transferred onto a 
nitrocellulose membrane (Life Technologies, 
Gaithersburg, MD). The blots were then incu-
bated in a fresh blocking solution with an 
appropriate dilution of the primary antibody at 
4°C for 24 h. 

The sources of antibodies were as follows: 
GAPDH mouse polyclonal antibody (Santa 
Cruz); p-MAPK (Thr202/Tyr204), MAPK, and 
p-AKT (Ser473); and AKT rabbit monoclonal 
antibody (Cell Signaling), Bax, Bcl-2, cyto-
chrome C mouse monoclonal antibody, cas-
pase-3 rabbit polyclonal antibody (Santa Cruz). 
After the blots were extensively washed, the 
membranes were incubated with horsera- 
dish peroxidase-coupled secondary antibody 
(1:2000, Zhongshan Biotech Company, China) 
at 25°C for 1 h. The bands were visualized and 
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quantified using the Image-Pro Plus 5.0 soft-
ware (Media Cybernetics). p-MAPK and p-AKT 
band intensities were normalized to MAPK and 
AKT band intensities, respectively. Bax, Bcl-2, 
cytochrome C and caspase-3 were adjusted by 
the GAPDH band intensities.

Statistical analysis

Data were expressed as mean value ± SD. 
Differences between groups were analyzed 
using ANOVA or a t-test. These analyses were 
performed on SPSS version 18.0 for Windows 
(SPSS Inc., Chicago, IL). P-value < 0.05 was 
considered statistically significant.

Results

Identification of DEGs

The t-test in the dChip Software was used to 
analyze the gene expression profiles of HCC827 

cells and their TKI-resistant clones and identify 
the DEGs in TKI-resistant cells. A P value of less 
than 0.05 was used as the significant threshold 
for DEGs. According to the criteria, 1054 gene 
were shown to have an altered expression, 
including 483 up-regulated and 571 down-reg-
ulated genes. 

Identification of related active small molecules 
or agent

The DEGs, involving up-regulated and down-
regulated gene groups, were submitted to 
CMAP for analysis that could identify small mol-
ecules reversing TKI-resistance for HCC827-ER 
cells. The negatively-correlated gene expres-
sion patterns associated with drug-treated can-
cer cells were selected and listed according to 
the negative connectivity scores. As a result, 
among the sorted molecules, valproic acid 
(VPA) was selected because its connectivity 
scores was -1, indicating that VPA, a histone 
deacetylase (HDAC) inhibitor, might have the 
potential to overcome Erlotinib resistance in 
lung cancer cells (Table 1). 

Development and characterization of TKI-resis-
tant HCC827-ER and HCC827 cancer cells 

TKI-resistant HCC827-ER was obtained by 
gradual increase of Erlotinib in cell culture. To 
evaluate the characterization of both cells, we 
tested the IC50 of Erlotinib. As expected, the 
IC50 of Erlotinib was 19.6 nM (0.02 μM) for 
HCC827, and 98.3 μM for HCC827-ER cells, 
indicating that the TKI-resistant lung adenocar-
cinoma cells were well-established. Evidence 
suggests that MAPK and AKT might be involved 
in TKI-resistance of cancer cells [23], and 
therefore, we tested the phosphorylated pro-
tein expression of MAPK and AKT by immunob-
lotting analysis. Consequently, the data showed 
an increase in p-MAPK and p-AKT for HCC827-
ER in contrast to those for HCC827, implying 
that the MAPK and AKT pathways were activat-
ed in HCC827-ER (Figure 1). 

Effects of VPA on HCC827-ER and HCC827 
cancer cell growth

To test whether VPA has an effect on cancer 
cell growth, we divided the two types of cancer 
cells into two groups and treated them with 
various concentrations (0, 0.1, 0.2, 0.4, 0.8, 
1.6, 3.2 mM) of VPA for 48 h, respectively. 

Table 1. Top 10 predicted small molecule 
agents with potential abilities to overcome 
Erlotinib resistance of lung cancer
CMAP name Dose Cell Score
valproic acid 200 µM PC3 -1.000
hexamethonium bromide 10 µM PC3 -0.947
PF-00562151-00 10 µM PC3 -0.888
ticlopidine 13 µM PC3 -0.884
cimetidine 16 µM MCF7 -0.869
ciprofloxacin 11 µM PC3 -0.843
PHA-00816795 10 µM PC3 -0.839
norethisterone 13 µM PC3 -0.837
naphazoline 16 µM PC3 -0.835
retrorsine 11 µM PC3 -0.834

Figure 1. Expression of phosphor-MAPK and phos-
phor-AKT proteins in HCC827 and HCC827-ER by im-
munoblotting analysis.
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Then, the cell viability and apoptosis were eval-
uated. The results showed that the cell viability 
gradually decreased and cell apoptosis 
increased with the elevation of VPA concentra-
tion for each group, respectively (Figure 2), sug-
gesting that VPA could inhibit the cell growth in 
a dose-dependent manner. The IC50 values of 
VPA for both cells were assessed and the 
results were 1.6 mM and 2.5 mM for HCC827 
and HCC827ER, respectively. However, VPA 
was not likely to affect cell viability in each 
group when the VPA concentration was less 
than or equal to 0.2 mM, indicating that VPA 
might inhibit cancer cell viability at a relatively 
high concentration level, while might not direct-
ly influence cancer cell viability at a low level. 
Therefore, we used 0.2 mM as a candidate for 
further evaluation in order to reduce the inter-
ference of its cell viability suppression. 

that VPA might overturn the acquired TKI-
resistance of HCC827-ER cells. 

To explore the status of signaling pathways, we 
further tested the pathway proteins by western 
blot analysis. As shown in Figure 3C, combina-
tion of VPA and Erlotinib might lead to a 
decrease in the expression of p-MAPK and 
p-AKT protein. Accordingly, an increase in cas-
pase-3 and a decrease in bcl-2 were also 
observed in this subgroup, indicating that VPA 
might reverse TKI-resistance of cancer cells via 
inactivation of MAPK and AKT pathways that in 
turn initiate mitochondrial apoptotic pathway.  

Partial involvement of MAPK and AKT path-
ways in TKI-resistance reversion

To shed new light on the roles of MAPK and AKT 
pathways in the TKI-resistance, we conducted 

Figure 2. Cell viability and apoptosis of cells treated with various concentra-
tions of VPA assessed by MTT (A) and apoptosis assay (B). (*P < 0.05 vs 
Control).

Effects of VPA and Erlotinib 
on HCC827-ER and HCC827 
cancer cells 

To learn whether VPA could re- 
verse TKI-resistance of HCC- 
827-ER to any extent, we con-
ducted further experiments. 
Cells were divided into two 
groups according to the cell 
type, namely, HCC827-ER and 
HCC827. Each group was divid-
ed into four subgroups and 
treated with 0.2 mM VPA, 15 
μM Erlotinib, 0.2 mM VPA+15 
μM Erlotinib, and DMEM as a 
control for 48 h, respectively. 
Then, cell proliferation and 
apoptosis were tested. 

As shown in Figure 3A, 3B, sin-
gle use of VPA did not signifi-
cantly affect cell growth in 
either HCC827-ER or HCC827 
cancer cells as compared with 
those in the control group. 
Conversely, single use of Erl- 
otinib could markedly repress 
cell proliferation of TKI-sensi- 
tive HCC827 but not HCC827-
ER cells. Interestingly, when 
Erlotinib was combined with 
VPA, an increase in cell apopto-
sis and a decrease in cell viabil-
ity were observed, indicating 
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further research. HCC827-ER cells were divid-
ed into five groups as I, II, III, IV and V, respec-
tively. Group I was treated with DMEM for 48 h 
and used as a control group. For group II and IV, 
cells were treated with 15 μM Erlotinib for 48 h. 
Nevertheless, cells in group IV were pretreated 
with a combination of 10 µM U0126 (a specific 
MAPK inhibitor, Cellsignal) and 10 µM MK-2206 
(a specific AKT inhibitor, Selleckchem) for 2 h. 
Cells in group III were treated with only the 
MAPK and AKT inhibitors for 2 h. In groups V, 
cells were treated with a combination of 0.2 
mM VPA and 15 μM Erlotinib (VPA+Erlotinib) for 
48 h. Cell viability and apoptosis were assessed 
by MTT and apoptosis assays, respectively.

As shown in Figure 4, the data showed that 
single treatment with the inhibitors (Group III: 

U0126+MK-2206) slightly induced cell apopto-
sis and suppressed cell viability relative to 
those of the control group (Group I: DMEM) 
without significance. Interestingly, pretreat-
ment of the inhibitors in combination with 
Erlotinib (Group IV: Erlotinib+U0126+MK-2206) 
could markedly induce cell apoptosis, com-
pared with those in Group III; however, this 
effect seemed to be weaker than that in Group 
V (Group V: Erlotinib+VPA), indicating that inhibi-
tion of MAPK and AKT might only play partial 
roles in the acquired TKI-resistance for 
HCC827-ER cells. 

Discussion

In the present study, we found that VPA might 
be a potential agent that might overcome the 

Figure 3. Cell viability (A) and apoptosis (B) in HCC827 and HCC827-ER assessed by MTT and apoptosis assay. 
(HCC827: *P > 0.05 vs Erlotinib; *P < 0.05 vs Control or VPA; HCC827-ER: †P < 0.05 vs Control or Erlotinib or VPA). 
(C) Expression of the MAPK, AKT and mitochondrial pathway-related proteins assessed by immunoblotting.
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EGFR-TKI resistance of lung adenocarcinoma 
cells by using GEO database and CMAP analy-
sis. Then, we have tested the biological effects 
of VPA on TKI-resistant cancer cells. The results 
showed that VPA could reverse the TKI-
resistance of cancer cells at a low concentra-
tion, and inhibition of MAPK and AKT signaling 
pathways might be involved in the process. 

VPA is a common anti-epileptic agent that is 
often used for treatment of epilepsy and non-
epileptic central nervous system (CNS) disor-
ders through modulation of γ-aminobutyric acid 
(GABA) and glutamatergic neurotransmission 
[24]. Moreover, VPA can alter gene expression 
and modulate cell proliferation and apoptosis 
because it is reported to be an inhibitor of class 
I histone deacetylases (HDAC) [25]. Therefore, 
it has been thought to act as a potential anti-
tumor agent due to its HDAC inhibitory activity. 
The anti-tumor effects of VPA are complicated. 
Primarily, VPA has a direct anti-cancer effect 
[26, 27], in accordance with our results that 
VPA might inhibit cancer cell viability at a rela-
tively high concentration level but has little 
effects on cell proliferation at a low concentra-
tion. Moreover, VPA inhibits cancer growth by 
cell cycle arrest, induction of differentiation, 

cer cells. Nevertheless, the precise mecha-
nisms are still unclear. 

AKT is a serine/threonine protein kinase that 
has been thought to be involved in multiple cel-
lular processes, such as cell proliferation, 
apoptosis, transcription, and cell migration. 
Evidence shows that activation of AKT pathway 
might contribute to TKI-resistance of lung can-
cer cells [23, 33]. MAPKs, mainly containing 
ERK, p38MAPKs, and c-Jun N-terminal kinase 
and possibly mediating cell proliferation and 
apoptosis, might also play a role in TKI-
resistance of cancer cells [34]. The results of 
the present study showed that single use of 
Erlotinib or VPA could hardly induce HCC827-ER 
apoptosis, with the state of AKT and MAPK sig-
naling pathways rarely changed. However, the 
combination of clinically achievable concentra-
tion of VPA with Erlotinib could markedly induce 
cell apoptosis, with inactivation of both AKT 
and MAPKs pathways, confirming that activa-
tion of MAPKs and AKT pathways might play a 
vital role in acquired TKI-resistance of lung can-
cer cells. During this process, activation of 
MAPK and AKT signaling pathways provided a 
survival signal for the TKI-resistant cells, where-
as inhibition of both pathways indicated an 

Figure 4. Cell viability (A) and apoptosis (B) of HCC827-ER cells treated with 
DMEM (I), Erlotinib (II), U0126+MK-2206 (III), Erlotinib+U0126+MK-2206 
(IV), Erlotinib+VPA (V) assessed by MTT and apoptosis assay, respectively. 
(*P > 0.05 vs I or II; *P < 0.05 vs IV or V; †P < 0.05 vs III or V). 

and inhibition of tumor vascu-
larization [28]. Thus, VPA could 
inhibit cancer cell growth via 
multi-pathways. Reports show- 
ed that VPA could enhance the 
effect of herpes simplex virus 
type I thymidine kinase (HSV-
TK) on glioma [29] and inhibit 
invasion and migration of breast 
cancer by regulating NM23H1 
expression [10]. Besides, VPA 
might sensitize cancer cells to 
chemotherapy agents [26]. Use 
of clinically achievable doses of 
VPA could significantly increase 
the sensitivity of thyroid cancer 
cells to a tyrosine-kinase inhibi-
tor imatinib [30], and a ligand of 
death receptors, TRAIL [31]. It 
also can overcome acquired 
Everolimus-resistance for renal 
cell carcinoma by down-regulat-
ing cdk2/cyclin A expression 
[32]. In the present study, the 
results showed that low concen-
tration of VPA could overcome 
the TKI-resistance of lung can-
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apoptotic signal. Notably, activation of these 
two pathways might only be a symbol or play 
partial roles in the acquired TKI-resistance of 
HCC827 cells because the effects of the path-
way inhibition were less than those of VPA 
treatment. Therefore, the mechanisms underly-
ing the TKI-resistance reversion by VPA are 
multi-factorial. In addition to MAPK and AKT, 
other pathways might also play a role during 
this process. However, the results suggested 
the participation of MAPK and AKT signaling 
pathways in the TKI-resistance of lung adeno-
carcinoma cells. 

CMAP is a tool that can connect therapeutic 
agents, genes, and disorders through the tran-
sitory feature of common gene-expression 
changes. It also can be used to screen connec-
tions among small molecules agents and puta-
tive mechanisms of action of unknown mole-
cules. In the present study, VPA was screened 
out to be a potential agent that reverses the 
TKI-resistance of lung adenocarcinoma cells. 
The validation process confirmed the anti-
tumor effects of VPA, indicating that CMAP is a 
reliable tool for exploring molecular mecha-
nisms of drugs. 

Several limitations might be involved in the 
present study. First, only one cell line, HCC827, 
was used in this experiment. Future studies 
using other EGFR mutant cell lines, such as 
H3255, might strengthen the significance of 
the results. Evidence indicated that exon20-
T790M mutation is one of the complicated 
mechanisms underlying acquired TKI-resi- 
stance of lung cancer [35]. However, mutation 
of exon20-T790M was not found in HCC827-
ER, as suggested by recent reports [36, 37]. 
Therefore, the status of exon20-T790M was 
not detected in our study. In further study, this 
important mutation might be detected in other 
cell lines to evaluate the possible effects on 
this mutation. Second, only a small proportion 
of mechanisms underlying the TKI-resistance 
reversion were tested and revealed in this 
study. Other pathways that might be involved in 
this process need to be deeply determined in 
further investigations. Third, the validation 
experiment was an in vitro study, and further in 
vivo investigations might make this study clini-
cally relevant.  

In conclusion, screening genes in GEO data-
base and using CMAP, we found that VPA might 

be a potential agent that can reverse EGFR-TKI-
resistance of lung cancer cells in the further 
validation experiments, the results confirmed 
that clinically achievable concentration of VPA 
might overcome the acquired TKI-resistance of 
lung cancer cells, possibly by inactivating AKT 
and MAPKs pathways. 
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