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Abstract
Small-cell lung cancer (SCLC) is a highly malignant carcinoma with poor long-term survival.
Effective treatment remains highly demanded. In the present study, we demonstrated that External
Qi of Yan Xin Qigong (YXQ-EQ) exerted potent cytotoxic effect towards SCLC cell line NCI-
H82 via induction of apoptosis. Global gene expression profiling identified 39 genes whose
expression was altered by YXQ-EQ in NCI-82 cells. Among them, semi-quantitative RT-PCR and
real-time qPCR analyses confirmed that the gene expression levels of apoptotic proteins death-
associated protein kinase 2 and cell death-inducing DFFA-like effector b were upregulated,
whereas that of oncoproteins DEK and MYCL1, cell migration-promoting proteins CD24 and
integrin-alpha 9, and glycolytic enzyme aldolase A were downregulated. These findings suggest
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that YXQ-EQ may exert anticancer effect through modulating gene expression in a way that
facilitates cancer cell apoptosis while represses proliferation, metastasis, and glucose metabolism.
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Introduction
Lung cancer is the leading cause of cancer deaths. It is divided into small-cell lung cancer
(SCLC) and non-SCLC (NSCLC). SCLC disseminates rapidly throughout the body via the
blood and lymphatic system, and cancerous cells have already metastasized in most SCLC
patients upon diagnosis [1, 2]. Over-expression of oncogenes and deletion and inactivation
of tumor suppressor genes lead to deregulation of cell cycle control and promotion of cell
survival and proliferation while inhibiting apoptosis [1]. It is not surprising that a microarray
analysis in two dozens of SCLC cell lines showed strong evidence for the notion that genetic
alterations leading to changed apoptotic balance and pro-cell survival play a critical role in
the pathogenesis of SCLC [3].

The current standard treatment for SCLC is chemotherapy and radiation therapy, and
sometimes combined with surgery. Although SCLC cancerous cells are generally very
sensitive to chemotherapy and radiation therapy, almost all patients relapse [1, 2]. It is the
most aggressive subtype of lung cancer. The median survival in SCLC is only 5–12 weeks
without treatment. With current treatments, the median survival for limited SCLC is 14–20
months, and 7–10 months for extensive SCLC [2]. Metastasis and relapse after treatment are
the two biggest challenges for SCLC treatment. Overall speaking, little progress has been
made since the introduction of combination chemotherapy. New methods for treatment of
SCLC are imminently needed [1, 2].

The concept External Qi (of qigong) refers to the technology and ability of “Qi deployment”
therapy and health preservation of traditional Chinese medicine [4–6]. External Qi therapy
of Chinese medicine has long been one of the medical practices in China and is under
management by the Chinese health authorities [7]. Long-term clinical observations and
ongoing studies have shown that patients with cancer and other medical conditions received
significant beneficial effects from exposure to External Qi of Yan Xin Qigong (YXQ-EQ)
without noticeable side effects [8, 9]. A body of substantial experimental studies has been
conducted to show the effects of YXQ-EQ at molecular, cellular, and microorganism levels
[7, 10–14]. Most recently, it was reported that YXQ-EQ exhibited potent cytotoxic effects
on BxPC3 pancreatic cancer cells [4], PC3 prostate cancer cells [5] and MDA-MB-231
breast cancer cells [6], respectively, by effectively inhibiting ERK1/2 and/or Akt pathways
in these cancer cells, without harming normal cells.

In this study, we used SCLC cell line NCI-H82 as a model system to further examine the
anticancer property of YXQ-EQ and its potential underlying mechanisms through
microarray analysis of gene expression. Our data showed that YXQ-EQ effectively induced
NCI-H82 cell death and induced a gene expression pattern that may promote apoptosis while
inhibiting proliferation, migration, and glucose metabolism in SCLC cancer cells.
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Materials and methods
SCLC cell culture

NCI-H82 cell line was derived by Gazdar in 1978 from the pleural fluid of a 40-year-old
patient with SCLC. This cell line has been well characterized and used as an in vitro model
for studying lung cancer [15, 16]. Cells were cultured in 24-well plates with Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with 10% fetal calf serum and 1% Pen/
Strep in a 37°C incubator with 5% CO2.

YXQ-EQ treatment
NCI-H82 cells were treated with YXQ-EQ as described previously [13]. Briefly, pre-
prepared cultures were randomly assigned to groups of YXQ-EQ treated or non-treated. Pre-
prepared cultures of the YXQ-EQ treated group were treated with YXQ-EQ for 10 min each
session. The number of treatment sessions and schedules varied in each set of the
experiments, which will be specified in later sections. Non-YXQ-EQ treated groups had
undergone a sham-operated procedure.

MTT assay
The MTT cell viability assay was performed as described previously [11, 17, 18]. Briefly,
MTT (3,(4,5-dimethylthiazol- 2-yl)2,5-diphenyl-tetrazolium bromide) (Sigma, St. Louis,
MO, USA) was dissolved in PBS at a concentration of 5 mg/ml. Lysing buffer was prepared
as described in the following: sodium dodecyl sulfate (SDS, 20% w/v) (Sigma) was
dissolved at 37°C in a solution of 50% of DMF (N,N-dimethyl formamide) (Sigma) and
deionized water. The pH was adjusted to 4.7. Twenty-five microliters of the 5 mg/ml stock
solution of MTT was added to each well and, after 2 h of incubation at 37°C, 100 μl of the
lysing buffer was added. After an overnight incubation at 37°C, absorbance of the samples
was read at 562 nm using a microtiter plate ELISA reader.

Flow cytometric cell death detection
Cultured NCI-H82 cells were collected 0, 6, 12, 24, and 48 h after 10 min of YXQ-EQ
treatment with trypsin digestion. Apoptosiswas determined by annexin Vstaining according
to a protocol outlined in the annexinV-FITC apoptosis detection kit (Beckman Coulter Inc,
Fullerton, CA, USA). Briefly, cells washed once with PBS and resuspended in binding
buffer were stained with annexin V-FITC and propidium iodide (PI) for 10 min at room
temperature in the dark. After staining, 30,000 events for each sample were collected and
analyzed using a FACScan flow cytometer (Beckman Coulter Inc).

Microarray analysis
RNA isolation from NCI-H82 cells was carried out with Trizol reagent according to the
manufacture’s manual as described previously [17, 18]. The human v2.0 Qiagen Operon
oligonucleotide library was printed at the Microarray Research Facility of Oklahoma
Medical Research Foundation as described previously [17, 18]. Data normalization, robust
regression, and selection of hyper-variable genes were conducted as described previously
[19, 20].

RT-PCR analysis
RT-PCR analysis was performed as described previously [17, 18]. Oligonucleotide primers
were designed using the PrimerQuest software (http://biotools.idtdna.com/primerquest/).
cDNA products obtained from 25 ng of total RNA were amplified by PCR using the primer
pairs: 5′TCAGACC TTCTGAAGCAGCCCATT3′ and 5′AGAGTTACAGGCAC
ACGGGCTAAA3′ for DAPK2, 5′GCTAGAGGAGGATG GAACTGC3′ and
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5′CCCGTAGAATGTGGCTTTGAC3′ for CIDEB,
5′GCACTACACCTTGCCTTGCTGTTT3′ and 5′AGC
AGCTGACGCTGGAGATCTATT3′ for MYCL1, 5′TCAT
CGTGGAAGGCAAGAGGGAAA3′ and 5′GCCTGGCCTG TTGTAAAGCAGTTT3′ for
DEK, 5′CATGTTGCCCA GGCTGGTTTAGAA3′ and 5′AAGCCTGTAATCCCAGC
ACTTTGG3′ for CD24, 5′AGGAATTGCCGTTCAGAG GACTGT3′ and
5′AGAAGAGCTCCCGGGAAACATTGA3′ for ITGA9,
5′AAAGCGAGCCGAGAAGATCTGGAA3′ and
5′GAACAGTTGGCATCAGGCGTTCTT3′ for RCVRN, and
5′TCTGAAGCACCGGAACTTGCTACT3′ and 5′TGCTG
GATATTGGTAGGGCATGGT3′ for ALDOA. RT-PCR products were resolved on 2%
agarose gels containing 0.5 μg/ml ethidium bromide and images were captured by Quantity
One software (Bio-Rad, Hercules, CA, USA).

Real-time qPCR
Real-time qPCR was performed as described previously [17, 18]. First-strand cDNA was
synthesized using the same method as in the RT-PCR. Real-time qPCR was carried out in
96-well PCR plates (Applied Biosysystems, Foster City, CA, USA) using a Bio-Rad
iCycler. Optimization of primers was verified by one single product of the predicted size
with no primer-dimmer bands using both melting curve profile and agarose gel analysis.
Quantitative comparison between 0 h control and samples of other time points was
calculated using comparative ΔCT: Data were normalized by subtracting the difference of
the threshold cycles (CT) between genes of interest and housekeeping gene GAPDH (ΔCT =
CT gene of interest – CT GAPDH). The ΔCT from samples at 0 h was then compared to ΔCT of
each of the samples at other time points (ΔΔCT = ΔCT 0 h – ΔCT each other time point). The
relative change of gene expression between 0 h and other time point was given by this
formula: 2ΔΔCT. All PCR reactions were performed at least in triplicate.

Statistical analysis
For YXQ-EQ treatment, percentage of cell viability and apoptosis to the non-treated control
were obtained from 5 biologic replicates. Differences between YXQ-EQ treatment and non-
treated control were analyzed by two-way analysis of variance, followed by a Bonferroni
multiple-comparison post hoc test. t Test was used for comparison of the data from real-time
qPCR. P values of less than 0.05 were considered to be statistically significant.

Results
Induction of apoptosis in NCI-H82 cells by YXQ-EQ

We used SCLC cell line NCI-H82 as an in vitro model to analyze anti-cancer cytotoxicity of
YXQ-EQ towards SCLC. This cell line grows as aggregates in suspension and only
aggregated cells are viable. Our results showed that while control cells without YXQ-EQ
treatment maintained healthy morphology (Fig. 1a), significant cell morphology alteration
was observed 12 h after YXQ-EQ treatment (Fig. 1b). By 24 and 48 h after YXQ-EQ
treatment, massive cell death could be easily observed under microscope (Fig. 1c, d). On
days 5 and 7, many dead cells were disintegrated into debris and disappeared (Fig. 1e, f).

We further used MTT assay to quantify the cytotoxicity of YXQ-EQ on NCI-H82 cells by
assessing the viability of YXQ-EQ treated or non-treated NCI-H82 cells. Cell viability
decreased significantly at 12 h and dropped to less than 20% 48 h after exposure to YXQ-
EQ (Fig. 1g). Flow cytometric analysis showed that apoptotic cells appeared as early as 6 h
after YXQ-EQ treatment. Apoptotic cells reached 17, 33, and 55% at 12, 24, and 48 h after
treatment, respectively (Fig. 1h). In contrast, no significant increase in apoptosis was
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observed in non-treated cultures at any of these time points. Thus, our findings from
microscopic observation, MTT assay, and flow cytometric analysis demonstrated that YXQ-
EQ exhibited strong cytotoxicity to SCLC cells. YXQ-EQ induced apoptosis in cancer cells.

YXQ-EQ altered gene expression profile of NCI-H82 cells
To identify genes that were involved in the anti-cancer effects of YXQ-EQ, cultured NCI-
H82 cells were exposed to YXQ-EQ for 10 min. Total RNA was isolated from NCI-H82
cells 12, 24, 36, and 48 h after YXQ-EQ treatment, respectively. Total RNA was also
isolated from non-treated NCI-H82 cells as control. Changes in gene expression were
analyzed by microarray analysis. Using a selection procedure established previously [20],
genes that responded to YXQ-EQ treatment were selected as “hypervariable” genes. Among
the 21,329 genes on the array, 39 genes were identified as “hyper-variable genes”.
Correlation coefficients have been calculated for the clusters and were represented in
graphical outputs as mosaics that could be identified by visual inspection. Correlation
mosaics of these 39 genes with hyper-variable expression between YXQ-EQ treated and
non-treated cells showed three different major correlation groups (Fig. 2a). Biological
association pathways of these 39 genes were modeled using the PathwayAssist (Ariadne
Genomics, Rockville, MD). This package extracts functional information on specific genes
from the ResNet database using a natural language processing algorithm called MedScan.
Data analyzed through this technique can then be resolved into cogent models of the specific
biological pathways activated under the experimental conditions used in the array analyses
[21]. Three major linked groups were also identified using this analysis (Fig. 2b). Those
genes had known annotation information that belonged to various categories, including
oncogenes, cell migration-related genes, apoptotic genes and lung cancer-associated genes.
Eight of the 39 hypervariable genes were selected for further confirmation based on their
known biological function and relevance with cancer development and treatment (Table 1).
The changes of their expression levels were evaluated by semi-quantitative RT-PCR and
quantitative real-time qPCR and described in the following sections.

Up-regulation of apoptosis-promoting genes DAPK2 and CIDE-B
DAPK2 (death-associated protein kinase 2) is a member of the serine/threonine protein
kinase family with significant similarity to DAPK1, a positive regulator of apoptosis.
Microarray data showed an initial up-regulation of DAPK2 12 h after YXQ-EQ treatment.
This increase persisted up to 48 h after the treatment. The time point of 48 h after YXQ-EQ
treatment was selected for further confirmation by semiquantitative RT-PCR and real-time
qPCR. More than two-fold increase in DAPK2 gene expression in response to YXQ-EQ
treatment was detected by real-time qPCR (Fig. 3a; Table 1).

Cell death-inducing DFFA-like effector b (CIDE-B), as its name indicates, is an apoptosis-
inducing protein. It induces cell death in a caspase-dependent manner through cytochrome c
release from mitochondria [22]. As shown in Fig. 3b, 12 h after YXQ-EQ treatment, CIDE-
B gene expression was increased and the increase sustained up to 36 h. This up-regulation
reached a peak at 48 h after treatment. The upregulation of CIDE-B at the time point of 48 h
after YXQ-EQ treatment was confirmed by semiquantitative RT-PCR and real-time qPCR,
which had more than twofold increase (Fig. 3b; Table 1).

Down-regulation of oncogenes MYCL1 and DEK
SCLC cell lines, such as NCI-H82, NCI-H209 etc., express MYCL1 [23]. It was recently
reported that Myc inhibition in mice elicits regression of established lung tumors [24].
YXQ-EQ treatment of NCI-H82 dramatically reduced the amount of MYCL1 transcripts
(Fig. 4a). Microarray data showed an initial down-regulation of MYCL1 at 12 h after YXQ-
EQ treatment. This reduction reached a trough at 24 h and remained low at 48 h after the
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treatment (Fig. 4a). The reduction of MYCL1 expression at 24 h after XYQ-EQ treatment
was verified by semi-quantitative RT-PCR and real-time qPCR. There was more than
threefold decrease in MYCL1 gene expression in response to YXQ-EQ treatment (Fig. 4a;
Table 1).

The expression of human DEK proto-oncogene in YXQ-EQ- treated NCI-H82 cells was
significantly reduced compared with untreated control (Fig. 4b). This decrease was
evidenced at 12 h after YXQ-EQ treatment and remained low at 48 h after the treatment.
The reduction at 24 h after treatment was confirmed by semi-quantitative RT-PCR. Similar
level of decrease was also confirmed by real-time qPCR showing more than twofold down-
regulation of this gene by YXQ-EQ treatment at 24-h time point (Fig. 4b; Table 1).

Down-regulation of cell migration regulating genes CD24 and ITGA9
Small-cell lung carcinoma cluster 4 antigen, known as CD24, is a mucin-like adhesion
molecule [25]. CD24 is highly expressed in a large variety of human cancers. CD24 was
found overexpressed in SCLC [26]. The microarray data showed that the expression of
CD24 in YXQ-EQ-treated NCI-H82 cells was significantly reduced compared with
untreated control. This decrease was evidenced at 12 h after YXQ-EQ treatment and
maintained low through 48 h after the treatment (Fig. 5a). The decrease at the time point of
48 h after the treatment was confirmed by semi-quantitative RT-PCR and real-time qPCR,
which had more than twofold reduction (Fig. 5a; Table 1).

Integrin alpha 9 (ITGA9) was recently reported to mediate tumor cell adhesion and
migration [27]. Aberrant upregulation of ITGA9 was found in SCLC [28]. Microarray data
showed an initial down-regulation of ITGA9 at 12 h after YXQ-EQ treatment. This decrease
reached a trough at 24 h after the treatment and remained low at 48 h after treatment (Fig.
5b). The time point of 48 h after YXQ-EQ was selected for further confirmation by semi-
quantitative RT-PCR and real-time qPCR. A more than twofold reduction of ITGA9 gene
expression was detected in response to YXQ-EQ treatment (Fig. 5b; Table 1).

Down-regulation of the expression of cancer associated antigens recoverin and Aldolase
A

Recoverin (also known as cancer-associated retinopathy protein) is a retina-specific Ca2+-
binding protein normally only expressed in neurons in the eye. However, the recoverin
protein was detected in 70% of 31 cancer cell lines derived from various cancers including
small-cell lung carcinoma [29]. Clinical studies also showed that recoverin was expressed in
about 70% of SCLC patients and 85% NSCLC patients, respectively [30, 31]. The aberrant
expression of recoverin in cancer cells and presence of recoverin-specific autoantibodies
potentially lead to cancer-associated retinopathy (CAR). The microarray data showed that
the expression of recoverin in YXQ-EQ-treated NCI-H82 cells decreased significantly
compared with untreated control in a time-dependent manner (Fig. 6a). The reduction
detected by microarray was confirmed by semi-quantitative RT-PCRand real-time qPCR.
The expression of recoverin was down-regulated more than twofold at 48 h after YXQ-EQ
treatment (Fig. 6a; Table 1).

Aldolase A is a glycolytic enzyme, which is overexpressed in human lung cancer [32]. It has
been reported as an antigenic retinal protein in melanoma-associated retinopathy (MAR)
[33]. Microarray data showed a trend of down-regulation of Aldolase A starting at 12 h after
YXQ-EQ treatment. This decrease reached a trough at 36 h and remained low at 48 h after
treatment (Fig. 6b). The expression reduction at 36 h after treatment was confirmed by semi-
quantitative RT-PCR and real-time qPCR. More than two-fold reduction of Aldolase A gene
expression in response to YXQ-EQ treatment was detected (Fig. 6b; Table 1).
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Discussion
In the present study we demonstrated that YXQ-EQ effectively induced apoptosis in SCLC
cells, which is in accordance with our previous reports that YXQ-EQ induces apoptosis in
pancreatic, prostate and breast cancer cells [4–6]. In order to understand the underlying
molecular mechanisms of the cytotoxicity of YXQ-EQ on cancer cells, we examined the
changes of gene expression profile in SCLC cell line NCI-H82 induced by YXQ-EQ
through microarray analysis and identified 39 genes whose expression was altered by YXQ-
EQ. Among them, the gene expression levels of oncogenes MYCL1 and DEK were reduced
and the levels of apoptotic genes DAPK2 and CIDE-B were increased, which both could
inhibit cancer cell proliferation and lead to cell death and play a role in YXQ-EQ-induced
cell death/apoptosis. Meanwhile, the expression of cell migration-promoting adhesion
molecules CD24 and ITGA9 was found to be downregulated after YXQ-EQ treatment,
suggesting YXQ-EQ may have an inhibitory effect on SCLC cell migration. In support of
this notion, we have previously reported that YXQ-EQ suppresses the migration and
invasion of metastatic breast cancer cell line MDA-MB-231 in vitro [6]. YXQ-EQ also
downregulated the expression of glycolytic enzyme Aldolase A. Thus, our findings indicate
that YXQ-EQ may exert anti-lung cancer effect through induction of apoptosis and
inhibition of proliferation, migration, and glucose metabolism in cancer cells via
simultaneously interfering with the expression of multiple genes involved in various
biological pathways and functions.

DAPK2 is a recently identified calcium/calmodulindependent protein kinase that has an
intrinsic kinase activity. Increase of intracellular Ca2+ can activate DAPK2 and thereby
facilitate apoptosis. Overexpression of DAPK2 induces cell death [34], and restoration of
downregulated DAPK2 expression in Hodgkin lymphoma induces apoptosis [35]. Aberrant
DNA methylation associated with repressing/silencing DAPK2 gene expression was shown
in non-small cell lung cancers, nasopharyngeal carcinomas, and colorectal and gastric
cancers [36, 37]. It is not known whether the promoter of DAPK2 gene in SCLC cells is
aberrantly methylated to inhibit or silence its expression, but it is reasonable to conjecture
that the enhanced expression of DAPK2 in NCI-H82 cells had contributed to the induction
of apoptosis in NCI-H82 cells after YXQ-EQ treatment. CIDE-B protein is located in
mitochondria and dimerized with other CIDE family members [22]. It induces apoptosis
through cytochrome c release. Like DAPK2, overexpression of CIDE-B induces apoptosis in
transfected cells [38]. Moreover, inactivation of CIDE-B can inhibit CIDE-B-induced
apoptosis [38]. Conceivably, overexpression of CIDE-B in cancer cells would promote
cancer cell apoptosis. Elevated expression of DAPK2 and CIDE-B in YXQ-EQ-treated NCI-
H82 cells that underwent apoptosis suggests that activating apoptotic pathway(s) which
involves DAPK2 and CIDE-B is one of the mechanisms utilized by YXQ-EQ to manifest its
cytotoxicity towards cancerous cells.

Besides inducing apoptosis, the other common approach to inhibit cancer cell growth is to
downregulate oncogene expression. As transcription factors, Myc family proteins
transcriptionally activate several hundred target genes that are involved in diverse biological
process [39]. They increase cell proliferation and cause cell-cycle progression and play a
pivotal role in tumorigenesis in numerous human cancers of diverse origin [1, 39].
Deregulated expressions of c-Myc, N-Myc, and MYCL1 (L-Myc) are evident in many
human cancers and shown to promote cancerous cell proliferating [40]. As a potent
oncoprotein that plays a pivotal role as a regulator of tumorigenesis in human cancers, Myc
is a very attractive target for cancer treatment. Small-cell lung cancer cell lines, such as
NCI-H82, NCI-H209, etc., express MYCL1 [23]. Specific targeting of MYCL1 by antisense
DNA in SCLC cell lines effectively inhibits cell proliferation. The growth inhibition by the
antisense DNA is correlated with the level of downregulation of MYCL1 expression [41].
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Retinoic acidinduced growth arrest and apoptosis in NCI-H82 and NCI-H209 cells is
associated with substantial reduction of both c-Myc and MYCL1 expression [23]. It is
consistent with the observation that reduction of Myc expression in YXQ-EQ- treated lung
cancer cells is correlated with the inhibition of cell proliferation and apoptosis.

Human DEK proto-oncogene encodes a 43-kDa nucleic acid binding phosphoprotein.
Though it is ubiquitously expressed in mammalian cell nucleus, the expression level is high
in proliferating cells and low in resting and terminally differentiated cells [42]. It is a
senescence inhibitor. Overexpression of DEK protein is implicated in human carcinogenesis
[42, 43]. Since DEK is a senescence inhibitor, reduction of its expression should also help to
induce apoptosis in YXQ-EQ-treated cancer cells. It was recently reported that
downregulation of DEK expression through RNA interference in human tumor cells result in
cell death [44]. Inhibition of cell proliferation and induction of apoptosis are two interrelated
but distinct biological processes. Downregulating the expression of oncogenes MYCL1 and
DEK while upregulating the expression of apoptotic DAPK2 and CIDE-B in YXQ-EQ
treated cancer cells suggests that YXQ-EQ can inhibit cancer cell growth through
suppressing oncogene expression in addition to inducing apoptosis through up-regulation of
expression of pro-apoptotic genes.

CD24 is a cell surface molecule used as a B cell lineage differentiation marker. It
participates in regulation of both cell proliferation and cell–cell interaction. Overexpression
of CD24 in various human cancers facilitates cancer cell metastasis and is strongly
associated with a more aggressive course of the disease and poor prognosis. It has been
suggested that if the expression of CD24 in cancer cells is downregulated, cancer cell
proliferation and metastasis may be inhibited [45]. It was recently reported that
downregulation of CD24 expression in colorectal tumors inhibits tumor growth [46].
Therefore, CD24 is considered a potential therapeutic target in cancer biology [45, 47].
ITGA9 is a member of the integrin family. Aberrant upregulation of ITGA9 was found in
SCLC [28], although its precise role in cancer development and progression remains
obscure. However, integrins connect cells to components of the extracellular matrix or to
counter receptors on other cells mediating cell adhesion, migration, and other cell–cell
contact. It is very likely the overexpression of ITGA9 in SCLCs is also linked to the high
metastatic nature of lung cancer cells, and ITGA9 has recently been reported to promote
tumor cell adhesion and migration [48]. Thus, CD24 and ITGA9 are very likely among the
factors that make the SCLC cells highly prone to metastasis. Downregulation of CD24 and
ITGA9 in NCI-H82 cells would affect the capability of cells to migrate, eventually resulting
in inhibition of metastasis. Therefore, down-regulation of the expression of CD24 and
ITGA9 by YXQ-EQ suggests that YXQ-EQ may inhibit cancer cell migration and
metastasis. In agreement, YXQEQ has been shown to repress breast cancer cell migration
and invasion [6].

Recoverin is one of the paraneoplastic antigens, which is exclusively expressed within
photoreceptor cells and retinal bipolar cells under normal circumstances. It is not known
why recoverin is aberrantly expressed in tumor cells including lung cancers. Aberrantly
expressed recoverin is a highly pathogenic protein [30, 31]. It is believed that the aberrant
expression of recoverin in malignant tumors localized outside the nervous system triggers
the production of autoantibodies by the immune system resulting in CAR, an autoimmune
syndrome characterized by sudden, progressive loss of vision in association with circulating
anti-retinal autoantibodies. Reduction of recoverin in NCIH-82 by YXQ-EQ treatment
indicates YXQ-EQ may lower the incidence of SCLC-associated CAR development.
Recoverin protein was also found to be associated with caveolin/G-protein-coupled receptor
kinases (GRKs) in transformed and cancer cells [49], which suggest the possible
involvement of recoverin in caveolin/GRK-dependent regulation of tumor progression,
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metastasis, and drug resistance [49]. YXQ-EQ may affect these processes through
downregulation of the expression of recoverin.

Aldolase A, as a glycolytic enzyme, is expressed in developing embryo and in many adult
tissues its expression is downregulated [50]. However, it is overexpressed in human lung
cancer and malignant pleural effusion cells [32, 48]. It has been suggested to be involved in
glucose metabolic reprogramming that benefits cancer cells [48]. Down-regulation of
Aldolase A in SCLC cells by YXQ-EQ may interfere with glucose metabolism that is
important in cancer cell proliferation and metastasis.

In summary, our data indicate that the expression of genes involved in multiple cellular
processes, such as apoptosis, proliferation, migration, adhesion, and glucose/ energy
metabolism, is modulated by YXQ-EQ when it induces cell death in cancer cells. These
findings provide novel insights into the mechanisms underlying the anticancer effect of
YXQ-EQ and important references for further studies.
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Abbreviations

SCLC Small-cell lung cancer

TCM Traditional Chinese medicine

YXQ Yan Xin Qigong

YXQ-EQ External Qi of Yan Xin Qigong

FITC Fluorescein isothiocyanate

PI Propidium iodide

ITGA9 Integrin alpha 9

VCAM1 Vascular-cell-adhesion molecule 1

GRKs G-protein-coupled receptor kinases

MYCL1 (or L-Myc) Lung myelocytomatosis viral oncogene homolog 1

DAPK2 Death-associated protein kinase 2

CIDE-B Cell death-inducing DFFA-like effector b

CAR Cancer-associated retinopathy

RCVRN Recoverin

ALDOA Aldolase A
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Fig. 1.
YXQ-EQ induced apoptosis in SCLC cells. a–f The morphology of NCI-H82 cells with or
without YXQ-EQ treatment. NCI-H82 cells were photographed without YXQ-EQ treatment
(a), or 12 h (b), 24 h (c), 48 h (d), 5 days (e), and 7 days (f) after YXQ-EQ treatment,
respectively. g Cell viability assessed by MTT assay. NCI-H82 cell viability was monitored
without YXQ-EQ treatment (control), or 12, 24, and 48 h after YXQ-EQ treatment. Data
presented are mean ± SE of five replicates. Significant difference compared with the
untreated cells (P<0.05) is indicated by asterisk. h Induction of apoptosis in NCI-H82 cells
by YXQ-EQ. NCI-H82 cells, without YXQ-EQ treatment (control) or 6, 12, 24, and 48 h
after YXQ-EQ treatment, respectively, were stained with FITC-conjugated Annexin V and
PI. Data presented are mean ± SE of five replicates
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Fig. 2.
Differential gene expression induced by YXQ-EQ. Genes with differential expression in
control and treated NCI-H82 cells were identified by microarray analysis and selection of
hyper-variable genes. a The correlation mosaics for 39 genes highly variable in response to
YXQ-EQ treatment. b Biological association pathways of 39 hyper-variable genes were
modeled using the PathwayAssist (Ariadne Genomics, Rockville, MD) showing three linked
groups
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Fig. 3.
YXQ-EQ upregulated the expression of cell death-promoting genes DAPK2 (a) and CIDE-B
(b). Left panel microarray analysis. Middle panel semi-quantitative RT-PCR analysis at 48 h
after YXQ-EQ treatment. GADPH was used as loading control. M: 100-bp DNA ladder
marker. Right panel real-time qPCR analysis at 48 h after YXQ-EQ treatment. Data
presented are mean ± SE of the relative mRNA expression levels (fold changes) of three
replicates

Yan et al. Page 15

Mol Cell Biochem. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
YXQ-EQ downregulated the expression of oncogenes MYCL1 (a) and DEK (b). Left panel
microarray analysis. Middle panel semi-quantitative RT-PCR analysis at 24 h after YXQ-
EQ treatment, M: 100-bp DNA ladder marker. Right panel real-time qPCR analysis at 24 h
after YXQ-EQ treatment. Data presented are mean ± SE of the relative mRNA expression
levels (fold changes) of three replicates
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Fig. 5.
YXQ-EQ downregulated transcription of cell migration-regulating genes CD24 (a) and
ITGA9 (b). Left panel microarray analysis. Middle panel semi-quantitative RT-PCR
analysis at 48 h after YXQ-EQ treatment, M: 100-bp DNA ladder marker. Right panel real-
time qPCR analysis at 48 h after YXQ-EQ treatment. Data presented are mean ± SE of the
relative mRNA expression levels (fold changes) of three replicates
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Fig. 6.
YXQ-EQ downregulated recoverin (a) and aldolase A (b) gene expression. Left panel
microarray analysis. Middle panel semi-quantitative RT-PCR analysis. M: 100-bp DNA
ladder marker. Right panel real-time qPCR analysis. In both middle and right panel, for the
expression of recoverin, analyses were performed at 48 h after YXQ-EQ treatment, and 36 h
for the expression of aldolase A. Data presented are mean ± SE of the relative mRNA
expression levels (fold changes) of three replicates
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Table 1

Quantification of representative genes affected by XYQ-EQ by real-time quantitative PCR and semi-
quantitative RT-PCR

# Accession # Name Product size (nt) Ave. fold change

1 NM_014326 Death-associated protein kinase 2 (DAPK2) 142 +2.5 (48 h)

2 NM_014430 Cell death-inducing DFFA-like effector b (CIDEB) 247 +2.3 (48 h)

3 BC011864 Lung myelocytomatosis viral oncogene homolog 1 (MYCL1) 85 −3.1 (24 h)

4 NM_003472 DEK oncogene (DEK) 200 −2.3 (24 h)

5 NM_013230 CD24 83 −2.1 (48 h)

6 NM_002207 Integrin, alpha 9 (ITGA9) 196 −2.8 (48 h)

7 NM_002903 Recoverin (RCVRN) 169 −2.6 (48 h)

8 NM_000034 Fructose-1,6-bisphosphate aldolase A (ALDOA) 54 −2.3 (36 h)

The sizes of PCR products and average fold changes measured by real-time qPCR after YXQ-EQ treatment (time point as indicated in the table) for
the genes are listed
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