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Abstract: Lung cancer is the most common cancer worldwide. However, no specific biomarker has been found in
diagnosis and evaluation of therapeutic efficacy for lung cancer. The human lung-specific X protein gene (LUNX) was
recently identified with a feature of lung tissue specificity. We applied the fluorescent quantitative polymerase chain
reaction method to examine LUNX mRNA in plasma and peripheral blood mononuclear cells (PBMC) in patients with
non-small cell lung cancer (NSCLC), benign lung diseases, extrapulmonary tumors, and healthy subjects. The results
showed that LUNX mRNA in both of plasma and PBMC were significantly higher in lung cancer patients compared to
other groups. In plasma, there were higher sensitivity and negative predictive value of LUNX mRNA than in PBMC.
Patients with IlI~IV stages of lung cancer had more LUNX mRNA in plasma than the early stage of lung cancer suf-
ferers. After a period of therapy, significant reductions of plasma LUNX mRNA in patients with | and Il stages of lung
cancer were found. Levels of plasma LUNX mRNA in patients who had succeeded to respond to therapy decreased
compared to prior treatment. On the other hand, the post-treatment level was obviously increased in patients that
had failed to respond to therapy. Patients with negative plasma LUNX mRNA after therapy displayed a favorable
prognosis and survival rate. These preliminary data suggested that cell-free LUNX mRNA in plasma as a non-inva-
sive biomarker, is superior to peripheral intracellular LUNX mRNA, and plays a critical role in specific diagnosis and
prognostic prediction of non-small cell lung cancer.
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Introduction antigen (SCC-Ag), have been widely used as
convenient diagnostic markers, but their lack of
sufficient sensitivity and specificity for the early
detection of lung cancer has limited their appli-
cation [2, 3]. Several studies have determined
that tumor-associated circulating cell-free
mRNA in plasma or serum is increased in can-
cer patients [4-6]. At least some of these nucle-

ic acids are released from tumor cells and can

Lung cancer is the most common malignancy
of the respiratory system, and about three-
quarters are non-small cell lung cancer
(NSCLC). Because no specific symptoms
occurred at early stage of lung cancer, most
diagnosed cases have been at advanced stage
[1]. Therefore, early diagnosis and treatment is

the key step to enhance the survival of lung
cancer patients. Seeking for non-invasive bio-
markers with high sensitivity and specificity has
extremely clinical significance for early diagno-
sis and therapeutic evaluation of lung cancer.

Serum tumor markers, such as neuron-specific
enolase (NSE), cytokeratin fragment 21-1
(CYFRA 21-1) and squamous cell carcinoma

be considered new non-invasive biomarkers for
diagnosing disease or predicting prognosis [7].

The human lung-specific X protein gene (LUNX)
was cloned by Iwao and colleagues using the
differential-display mRNA analysis. They found
that LUNX is a molecular marker for detection
of micrometastasis in NSCLC [8]. Bingle et al.
reported that LUNX is predominantly expressed
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in lung tissue but infrequent or lack of expres-
sion in tissues outside of respiratory tract [9].
In the present study, we evaluated the level of
cell-free LUNX mRNA in the plasma of lung can-
cer patients, and compared the diagnostic val-
ues with the intracellular target mRNA in periph-
eral blood mononuclear cells (PBMC). We also
assessed the potential utility for plasma LUNX
mRNA in monitoring of response to treatment
and the prediction of prognosis in NSCLC.

Materials and methods
Subjects

Primary NSCLC patients were pathologically
diagnosed in Affiliated Changzhou Second
Hospital of Nanjing Medical University, China
during December, 2009 and April, 2013. Totally,
80 cases were recruited for the current study,
including 57 males and 23 females with an
average age of 65.2 years (ranging from age 31
to 87). Among those patients, 51 cases were
diagnosed as squamous cell carcinoma, 24
were adenocarcinoma and 5 were large cell
carcinoma. According to the TNM system to cat-
egorize pathologic stages, there were 16 cases
of stage |, 27 cases of stage Il and 37 cases of
stage Il or IV.

Eighty-six patients suffered from benign lung
diseases and treated at the hospital during the
same period were selected as a benign disease
group, including 33 cases of lobar pneumonia,
12 pulmonary TB cases with positive sputum
cultures and 41 cases of chronic bronchitis.
The mean age of this group was 59.4 years
(ranges: age 21 to 89). Patients with other
types of primary cancer were chosen as a spe-
cial control group, including 20 cases of liver
cancer, 30 cases with gastric carcinoma, 20
cases of esophageal cancer, 30 colorectal can-
cer patients and 20 leukemia sufferers. The
average age was 66.2 years (ranges: age 32 to
83). The 100 healthy controls were recruited
from the subjects routinely performing physical
examination at the hospital. The average age
for healthy controls was 49.3 years with a range
of age 21 to age 68. All healthy controls were
normal for their blood test, liver/kidney func-
tions and chest X-ray examination. All the
patients and healthy controls were informed
consent and the study was approved by the
Institutional Review Board (IRB).
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Regeants

QlAamp Viral RNA extraction Mini Kit, QlAamp
RNA Blood Mini Kit and RNase-Free DNase Set
were purchased from Qiagen China Co. Ltd.
(Shanghai, China). PrimeScript RT-PCR quantifi-
cation kit, pMD18-T vector, and plasmid extrac-
tion kit were obtained from TaKaRa, Japan. The
PCR primers and Tagman-Probe were produced
by Sangon Biotech Co. Ltd., Shanghai, China.
They were designed to be intro-spanning as fol-
lows: forward 5-AAGTCTGTTGAGGCTGGCTG-3/,
reverse 5-GCCAAGTCCATCAAGCAG AG-3’, pro-
be 5’-FAM-CCTCAACAGACTTGCACCGACCA-TAM-
RA-3'.

RNA extraction and cDNA synthesis

Peripheral venous blood samples (3 mL) were
collected in tubes containing ethylenediamine-
tetraacetic acid (EDTA) from untreated patients
and healthy subjects. Samples were then cen-
trifuged within 2 hours at 4000 rpm for 20 min
at 4°C (Centrifuge 5810R, Eppendorf, Ham-
burg, Germany). A total of 800 pl plasma from
each sample was subjected to RNA extraction
following the manufacturer’s instruction. The
total intracellular RNA was also extracted from
the peripheral blood mononuclear cells (PBMC)
after plasma RNA extraction by using the RNA
Blood Mini Kit. The extracted RNA was treated
by DNase to remove extra DNA, and was quan-
tified by detection the absorbance at 260 nm
with a spectrophotometer (Eppendorf, Ham-
burg, Germany). The reverse transcription was
then conducted to synthesize cDNA according
to the manufacture’s instruction. Each reaction
comprised of 4 ul 5X PrimeScript Buffer, 4 ul
Random 6 mers, 1 ul oligo dT Primer, 1 ul
PrimeScript RT Enzyme Mix I, 200 ng purified
RNA, and RNase Free distilled water for a vol-
ume of 20 ul. As suggested by the manufactur-
er, the profile was 37°C for 15 min, 85°C for 5
sec. Subsequently, the samples were briefly
centrifuged and stored at -20°C.

Fluorescence real-time quantitative poly-
merase chain reaction

The real-time polymerase chain reaction (PCR)
method was set up according to the manual of
RT-PCR quantification kit. The reaction mixture
consisted of 25 uL PCR buffer solution, 1 uL
(0.2 ymol/L) each of the primers, 2 uL fluores-
cence probe (0.2 umol/L), 5 uL cDNA template
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Figure 1. Levels of plasma LUNX mRNA in different
groups. The leading dash (——) indicates the me-
dian of each group.
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Figure 2. Levels of LUNX mRNA from PBMC in dif-
ferent groups. The leading dash (——) indicates the
median of each group.

and distilled water for a total volumn of 50 pL.
The reaction was carried out in the ABI PRISM
7000 thermal cycler (Applied Biosystems, CA,
USA) as follows: 95°C for 30 s, then amplifica-
tion for 45 cycles with denaturation at 95°C for
5 s and annealing/extension at 60°C for 31 s.
In order to obtain a standard curve, the PCR
products were cloned into the pMD-18 vector
following the instructions. After a serial dilution,
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Figure 3. ROC curve of LUNX mRNA from plasma and
PBMC.

standard data was analyzed by real-time ana-
lytical software (Applied Biosystem). Both the
standards and samples were processed in
duplicate.

Following of patients with NSCLC

Lung cancer patients were informed by tele-
phone to return visit every 3 months after dis-
charge from hospital. The survival time of each
person was obtained from the information of
telephone call. A second blood collection for
LUNX mRNA detection and computed tomogra-
phy (CT) examination were consented by cancer
patients 30 days after standard treatment. The
efficacy of treatment was evaluated according
to the following criteria of World Health
Organization (WHO) for response evaluation in
solid tumors: complete response (CR)—the dis-
appearance of all target lesions; partial
response (PR)—at least a 30% decrease in the
sum of the longest diameter of target lesions;
progressive disease (PD)—at least a 20%
increase in the sum of the longest diameter of
target lesions; stable disease (SD)—neither suf-
ficient shrinkage to qualify for partial response
nor sufficient increase to qualify for progressive
disease [10].

Statistical analysis

Data were analyzed with SPSS 13.0 software.
The quantities of LUNX mRNA in plasma or
PBMC were evaluated between lung cancer
patients and other groups with Kruskall-Wallis
H test. The levels of plasma LUNX mRNA before
and after treatment were compared using the
Wilcoxon Matched-Pairs Signed-Ranks test.

Am J Cancer Res 2016;6(2):452-458
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Table 1. Diagnostic values of LUNX mRNA from plasma
and PBMC

Source  Sensitivity Specificity z;i;ygi;rue(; Negative pre-

dictive value
Plasma 65.0%" 99.0% 83.9% 91.4%"
PBMC 26.3% 96.7% 87.5% 83.7%

*Compared with the source of PBMC, P<0.01.

Table 2. LUNX mRNA levels in plasma of lung cancer
patients categorized by pathological characteristics

N LUNX[M (P, P,,), copies/mL]

57 © 75
Gender
Male 57 21700 (5500, 31800)
Female 23 27000 (6301, 39700)
Age
<45 9 25700 (16400, 36950)
45~60 24 21450 (4165, 32875)
>60 47 21700 (5676, 35900)

Histological type

Squamous carcinoma 51 17900 (5517, 31900)

Adenocarcinoma 24 27700 (5412, 40225)

Large cell carcinoma 5 29500 (21000, 39800)
Stage

| 16 9100 (2552, 24875)

Il 27 21700 (6500, 34800)

i~V 37 29600 (10100, 39100)*

“Compared with the patients of stage I, P<0.01.

Chi-square test was used to assess the differ-
ences of numeration data. A P value of <0.05
was considered statistical significance. Kaplan-
Meier analyses were performed to estimate the
survival of NSCLC patients. The significance of
survival differences was compared by the log-
rank test. A P value of less than 0.05 was con-
sidered statistical significance.

Results

Levels of LUNX mRNA in plasma and PBMC
before treatment

ing characteristic (ROC) curve to indicate
the diagnostic values. The areas under
the curve (AUC) for plasma and PBMC
were 0.86 and 0.63. The cut-off values
of LUNX mRNA in plasma and PBMC
were 11250 copies/mL and 4905 cop-
ies/mL respectively. In plasma, the sen-
sitivity and negative predictive value of
LUNX mRNA were significantly higher
than in PBMC (P<0.01) (Table 1).

Plasma LUNX mRNA and clinicopatho-
logic characteristics

The possible relationship between the
expression of LUNX mRNA in plasma and
a series of pre-treatment tumor clinico-
pathologic parameters was analyzed
(Table 2). A significant correlation be-
tween plasma LUNX mRNA and tumor
stage was found (P<0.01) (Figure 4).

Plasma LUNX mRNA and therapeutic
efficacy

Comparing with the pre-treatment levels,
plasma LUNX mRNA appeared signifi-
cant reductions in stage | and stage Il
patients after therapy (P<0.01) (Figure
5). According to the data of CT, in the
post-treatment patients, there were 28
cases of CR, 32 cases of PR, 9 cases of
SD and 11 cases of PD. The potential

correlations between plasma LUNX mRNA after
treatment and the therapeutic effects were
shown in Figure 6. The plasma LUNX mRNA lev-
els in CR and PR patients after treatment were
significantly decreased compared with those of
prior to treatment (P<0.01). But for the PD
patients, the level was increased obviously
after treatment (P<0.05).

Plasma LUNX mRNA and prognosis of NSCLC

Among the post-treatment lung cancer patients,
31 cases were positive for plasma LUNX mRNA

(more than 11250 copies/mL), in which 19

LUNX mRNA from plasma and PBMC were
amplified by real-time PCR. A signal appearing
within the first 40 cycles was regarded as posi-
tive for the existence of the target mRNA. The
levels of LUNX mRNA from plasma and PBMC
were found to be higher in lung cancer patients
compared to other groups (P<0.01) (Figures 1
and 2). Figure 3 displayed the receiver operat-
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cases of tumor metastasis or recurrence
occurred within one year. On the other hand,
there were 17 metastatic or recurrent lesions
appeared in the patients who were negative for
plasma LUNX mRNA after treatment. The inci-
dence rate of metastasis or recurrence in
patients with positive LUNX mRNA was signifi-
cant higher compared to the negative group

Am J Cancer Res 2016;6(2):452-458
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Figure 4. Levels of plasma LUNX mRNA in lung can-
cer patients under different stages. The leading dash
(== indicates the median of each group.
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Figure 5. The changes of LUNX mRNA in plasma by
treatment status (prior and post). In the box plots,
the whiskers indicate the maximum and minimum,
the boxes denote the interval between the 25th and
75th percentiles, and the lines inside the boxes mark
the medians. *P<0.01; #P<0.05.

(P<0.05). The associations between plasma
LUNX mRNA post therapy and survival time
were revealed by Figure 7. The beginnings of
patients’ survival time were calculated at the
start of hospitalization. For the positive and
negative LUNX mRNA patients, the median sur-
vival time were 13 and 22 months respectively.
A significant difference in survival rate was
observed between the two groups (P<0.01).

Discussion

Circulating cell-free nucleic acids mainly come
from cell apoptosis or spontaneous incretion

456

[ prior treatment _
80000- [ posttreatment
*
e
=
~E_ 60000
I}
0
[}
o] *
=3
2 40000+
=
D
-I —_
20000
0+ é Q
stage|  stagell  stage lll~IV

Figure 6. The plasma LUNX mRNA levels before and
after treatment. In the box plots, the whiskers indi-
cate the maximum and minimum, the boxes denote
the interval between the 25th and 75th percentiles,
and the lines inside the boxes mark the medians.
*P<0.01.
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Figure 7. The survival curve for lung cancer patients
classified by post-treatment plasma LUNX levels.

[11, 12]. Most RNA combined with protein and
lipid after releasing from cells to form a com-
plex, which temporally protect RNA from nucle-
ase degradation [13-15]. The quantities of cir-
culating RNA were generally higher for cancer
patients compared with healthy subjects
because of the high proliferation and frequent
apoptosis of tumor cells [16].

LUNX is a recently isolated lung tissue specific
gene, which is located on chromosome
20p11.1-q12. The full-length cDNA contains
1,015 nucleotides including an open reading

Am J Cancer Res 2016;6(2):452-458
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frame to encode a protein of 256 amino acids
and a relative molecular weight of 26.7x103 [8].
It was reported that LUNX was a molecular
marker for detecting micrometastasis in non-
small cell lung cancer [17]. Other studies
focused on the auxiliary diagnosis of lung can-
cer by detection of LUNX mRNA in PBMC [18,
19]. To date, there has no research work focus-
ing on the detection of circulating cell-free
LUNX mRNA in patients with lung cancer. In the
current study, we examined both the cellular
and cell-free LUNX mRNA for NSCLC patients
using fluorescent quantitative PCR. We found
that the levels of LUNX mRNA in plasma or
PBMC were significant higher for lung cancer
patients compared with the patients of benign
lung diseases, extrapulmonary tumors and
healthy subjects. It suggested that both of the
cell-free and intracellular LUNX mRNA may be
applied in adjuvant diagnosis of lung cancer.

The diagnostic values of LUNX mRNA from plas-
ma and PBMC were evaluated by ROC curve.
We found that LUNX mRNA in both of plasma
and PBMC had high specificity for lung cancer.
But the sensitivity of LUNX mRNA in PBMC was
quite lower than the results of previous studies
[20, 21]. We thought it was the different statis-
tical methods that led to the different sensitivi-
ties of LUNX in PBMC. Because LUNX mRNA did
not express in control groups in their research
work, it was considered positive that the target
MRNA was detectable in previous studies.
However it is not applicable in current study. In
our work, we found plasma LUNX mRNA was
detectable not only in lung cancer patients, but
also in amounts of other study populations
including healthy subjects (Figure 1). So we cal-
culated cut-off values through ROC curve to dis-
tinguish positivity and negativity for LUNX lev-
els in plasma and PBMC, which caused part of
detectable persons been regarded as negative.
It was showed, in our work, that the sensitivity
of LUNX mRNA detection in plasma was obvi-
ously higher than the determination in PBMC.
This data may suggest that cell-free mRNA is
superior to the cellular determination because
of the higher sensitivity and negative predictive
value.

Our data also found that plasma LUNX mRNA
was significantly higher in patients with
advanced lung cancer compared with those of
stage | patients, which indicated the potential
role of predicting tumor prognosis. The study
showed that levels of plasma LUNX mRNA
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reflect a useful indicator of treatment effect in
lung cancer patients. For the effective patients
(CR and PR), LUNX levels were significantly
decreased after treatment, while in the ineffec-
tive patients, it was the same or even increased.
Therefore, by observing the levels of plasma
LUNX mRNA before and after treatment may
provide an easy method for evaluating the
treatment effect.

The plasma LUNX mRNA was decreased for
stage | and Il lung cancer patients after treat-
ment. We found that patients with negative
post-treatment free LUNX mRNA had a favor-
able prognosis and survival. It suggested that
measurement of post-treatment plasma LUNX
mRNA may benefit patients for active monitor
of chemotherapy efficacy. It may also aid
patients with higher post-treatment plasma
LUNX in early prevention and active treatment.

Using circulating cell-free nucleic acid as the
surrogate of target tissue to detect cancer bio-
markers is a convenient and non-invasive
approach. It can be widely applied to cancer
screening and monitoring treatment efficacy.
Cancer screening is usually conducted in nor-
mal or high risk population. It requires biomark-
ers with sufficient sensitivity and specificity.
Our data showed that the content of LUNX
mRNA in plasma was quite low, and whether
the sensitivity of plasma LUNX mRNA is effi-
cient in screening of lung cancer needs further
exploration. However, plasma LUNX mRNA is
still a novel biomarker in auxiliary diagnosis and
evaluating therapeutic efficacy of lung cancer
with high specificity, especially for those at
higher risk, such as smokers.
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