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Construction of CTC-ALK gene fusion detection system based on the multi-
site magnetic separation in lung cancer and its clinical verification 
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Detected in a variety of solid tumors, including lung cancer, the EML4-ALK fusion gene plays an important role in 
promoting the occurrence and development of cancer. The existing detection methods for EML4-ALK fusion gene are all 
targeted at surgical or post-sampling tumor tissues, which cannot achieve early detection and real-time monitoring; there-
fore, a minimally invasive ALK gene fusion detection system is explored and constructed. Vimentin, EpCAM, and EGFR 
antibodies were grafted, respectively, to prepare multi-site immunoliposome magnetic beads, so as to capture CTC in blood 
for RT-PCR detection, and then the feasibility of this method was verified by detecting the positive rate of the EML4-ALK 
fusion gene and clinical information in combination with WB and IHC. The prepared multi-site immunoliposome magnetic 
beads showed high specificity and stability, and the average proliferation rate and capture rate of cells were 95% and 85%, 
respectively. In clinical blood samples, the CTC level of the grade I (G1) patients before the operation was lower than grade 
2 (G2), and that of grade II (G2) was significantly lower than grade III (G3), but the difference was not significant after the 
operation. The RT-PCR results of CTC and the RT-PCR, WB, and IHC results of tissues were highly consistent in the fusion 
gene detection, and the positive rate of ALK gene fusion in 60 lung cancer patients was 31.67% and 28.33% before and after 
the operation, mostly EML4-ALK (V3) gene fusion. The CTC-ALK gene fusion detection system constructed successfully 
could avoid the problem of difficult sampling and post-sampling complications, and truly achieve the minimally invasive 
biopsy, so it was of important clinical significance for the diagnosis and efficacy evaluation of lung.
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The incidence and mortality of lung cancer have ranked 
the first among malignant tumors both in China and the 
whole world. According to the statistics of global cancer 
epidemic released by the International Agency for Research 
on Cancer (IARC) (GLOBOCAN 2012), there were about 
1.82 million new cases and 1.59 million death cases of lung 
cancer in 2012, accounting for 13% and 19% of new cases and 
death cases of malignant tumors respectively [1, 2]. The high 
incidence and mortality of lung cancer are closely related to 
the unknown pathogenesis of lung cancer, at the same time 
effective means of prevention and treatment are still lacking.

People’s understanding of the pathogenesis of cancer has 
gradually risen to the nucleic acid level with the development 
of molecular medicine and the advance of gene technology. 
Once mutated, the key genes regulating cell growth, prolif-

eration, apoptosis, and other life processes will cause unlim-
ited cell proliferation and distant metastasis, thereby eventu-
ally leading to carcinogenesis. Such genes are called “cancer 
driver genes”, namely, the nucleic acid molecular changes that 
promote the generation of cancer cells and maintain their 
malignant phenotypes [3–5]. The research on the driver genes 
of lung cancer has made remarkable achievements, especially 
in lung adenocarcinoma, about 60% of the driver genes have 
been identified, such as mutation of EGFR, KRAS, HER2, 
PIK3CA, BRAF, and MET genes, and rearrangement of ALK, 
ROS1, and RET genes [6], as a new driver gene of NSCLC, 
EML4-ALK fusion gene is mainly composed of an inverted 
EML4 fragment connected to residual ALK fragments, 
belonging to the paracentric interchange in the same chromo-
some [7], of which the coiled-coil structure of EML4 can 
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mediate dimerization, thereby promoting the autophosphor-
ylation of ALK, activating ALK tyrosine kinase, and enabling 
EML4-ALK fusion protein to play a role in the carcinogenic 
transformation of cells [8]. Therefore, the correct diagnosis 
of the fusion gene is very essential for effective treatment 
later. The fusion gene detection methods mainly include: 
fluorescence in situ hybridization (FISH), whose specificity is 
relatively high, and the detection results are considered as the 
“gold standard” for the detection of ALK fusion gene [9]. The 
immunohistochemical assay is a relatively fast and affordable 
detection method, but this method is mostly used for tissue, 
and the results of IHC are identified by human eyes for the 
staining intensity of sections. The results are determined by 
the scoring system, which may be interfered with by human 
factors. Compared with the two methods above, RT-PCR 
method is simple to operate, especially when the fusion sites 
of known fusion genes are amplified, RT-PCR technique can 
be used as a detection method to screen a specific type of 
fusion gene [10–12]. Nevertheless, the detection methods 
above are mostly used for tissue detection, it is difficult to 
acquire the tissue sample; currently, there are few reports on 
EML4-ALK gene fusion through CTC liquid biopsy.

Therefore, EML4-ALK gene fusion in CTCs was studied 
and detected by RT-PCR after the specific immunoliposome 
magnetic beads were prepared to capture the CTCs in blood, 
and then the verification was performed in combination with 
the immunohistochemical method and western blot, thus 
establishing a minimally invasive liquid biopsy system. It 
would determine a guiding significance for clinical research 
whether the detection of EML4-ALK fusion gene could be 
achieved by CTCs.

Patients and methods

Specimens. Peripheral blood samples and tumor tissues of 
60 patients with lung cancer diagnosed by pathology in our 
hospital from July 2017 to December 2019 were collected. 
Patients in the group need to agree to receive PET-CT evalu-

ation before treatment, aged between 18 and 75 years old, 
ECOG score 0–1, can be followed up; excluding patients 
with severe anemia or organ dysfunction, patients with active 
infection, and previous malignant tumors. The method of 
collecting blood samples is to collect 7.5 ml of peripheral 
blood into medical anticoagulant (K2-EDTA) blood vessels. 
The tumor tissues of lung cancer and paraffin-embedded 
tissues were fixed in formalin, embedded in paraffin, cut into 
4 μm thick slices, placed on glass slides, and baked to dry in 
preparation for IHC experiment. This study was approved 
by the Ethics Committee of our college. Participants gave 
written consent after receiving verbal and written informa-
tion (2020GKJ017).

Materials and instruments. Human lung cancer cell line 
A549 and human normal lung epithelial cell line BEAS-2B 
were obtained from the Shanghai Cell Bank of Chinese 
Academy of Sciences; 1, 2-dioleyl phosphatidylcholine 
(DOPC), dimethyl-octadecyl epoxypropyl chloride (GHDC), 
cholesterol, N-hydroxysuccinimide (NHS), 1-ethyl-3 
-(3-dimethylammonium propyl) ammonium bicarbonate 
(EDC) were purchased from Sinopharm Group; EpCAM 
antibodies, Vimentin, and EGFR antibodies were purchased 
from CST; Fe3O4 solution, carboxymethyl chitosan hexadecyl 
quatriamine salt (HQCMC), CK-FITC, CD45-PE, and DAPI 
were purchased from Huzhou Liyuan Medical Laboratory 
Co., Ltd.; TRIzol Reagent for RNA extraction was purchased 
from Ambion, USA; GoScriptTM Reverse Transcription 
System was purchased from Promega (Beijing) Biotech-
nology Co., LTD. BCA protein detection kit was purchased 
from Thermo Fisher; 96-well PCR apparatus was purchased 
from Bio-Rad, USA; Bi-90Plus laser granulometer/Zeta 
potentiometer was purchased from Brookhaven Instru-
ment Corporation, USA; OLYMPUS B × 61 fluorescence 
microscope was purchased from OLYMPUS, Japan; Multi-
functional microplate reader SpectraMax® M5/M5e was 
purchased from Molecular Devices, USA ; LDJ9600-1 VSM 
magnetic tester was purchased from Digital Equipment 
Corporation, USA.

Figure 1. Capture and identification of CTCs in clinical blood samples.
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Preparation of multi-site immunoliposome magnetic 
beads. Three kinds of micro-nano liposome immunomag-
netic beads were prepared by a reverse evaporation method. 
For example, VI-LMB (vimentin liposome magnetic bead): 
with liposome dichloromethane as the co-solvent, and 
cholesterol, DOPC, GHDC, HQCMC as the preparation 
materials of liposome substrate. Fe3O4 was suspended in the 
PBS solution (pH 7.4, 0.1 mol/l), added into the liposome 
substrate, and then the ultrasonic oscillation of mixed 
solution was made by using the probe-type ultrasonic instru-
ment. The ultrasonic time was 10 min, the temperature 
25 °C, and the power 27%, to achieve complete emulsifica-
tion, thus obtaining LMB (liposome magnetic bead). The 
coupling N-hydroxysuccinimide (NHS) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) were added 
respectively after a 0.6 mg vimentin antibodies addition in 
10 ml isopropyl alcohol. The mixed solution was stirred at 
a 100 rpm/min for 24 hours at 4 °C so that the liposome 
magnetic beads modified by vimentin antibodies could be 
obtained (VI-LMB). Then an aseptic dry EP tube with the 
specification of 2 ml was weighed, and the prepared VI-LMB 
were transferred to it, weighed again after magnetic separa-
tion, which was diluted with distilled water to 1 mg/ml for 
a standby. The preparation methods of EP-LMB (EpCAM 
liposome magnetic bead) and EGFR-LMB (EGFR liposome 
magnetic bead) were the same as that of VI-LMB.

The prepared VI-LMB, EP-LMB, EGFR-LMB were subject 
to ultraviolet absorption spectrum scanning by using an 
ultraviolet spectrophotometer, with the magnetization tested 
by magnetic measurement system (MPMS), the particle size 
and potential detected by BI-90 Plus laser granulometer/Zeta 
potentiometer, and the morphology was observed by atomic 
force microscopy (AFM).

Cytotoxicity test. A549 cell line was cultured in an 
incubator (5% CO2; 37 °C) in 1640 culture medium that 
contained 10% FBS, 1% penicillin (100 U/ml), and 1% strep-
tomycin (100 U/ml). When the cell density reached 80% or 
so, the cells were dissolved to suspension, counted in a blood 
counting chamber, and then the cells were transfered to the 
96-well plate (1,000 cells/well), with 200 μl of the culture 
medium. After the cells were treated with the addition of 
magnetic beads, the concentrations of VI-LMB, EP-LMB, 
and EGFR-LMB were 10 μg/ml, 20 μg/ml, 30 μg/ml, 40 μg/ml, 
50 μg/ml, and 60 μg/ml, respectively, with 1% DMSO as the 
control group. MTT assay was conducted after the 96-well 
plates were cultured in a CO2 incubator for 72 h, with 20 μl 
MTT added to each well. After incubation in a CO2 incubator 
for 2 h, the absorbance of each well at the light wavelength of 
560 nm was measured by full-wavelength microplate reader 
to calculate the cell proliferation rate. The group with the 
highest proliferation rate was selected for repeated test for 
one week, and the growth curve was drawn.

Cell capture efficiency test. A549 cells suspension was 
prepared after digestion and cell density was determined with 
a hemocytometer, and divided into PBS group and blood 

simulation group, with 100 A549 cells in both 7.5 ml PBS and 
normal blood, in addition to 20 μl VI-LMB (3932S), EP-LMB 
(3599S) and EGFR-LMB (2232S), respectively. Each kind 
of magnetic beads was a set with three replicates. Magnetic 
separation and counting were performed immediately after 
capturing the 20 min, and the captured cells were counted 
with FITC-labeled CK19 monoclonal antibody (CK19-FITC), 
DAPI staining fluid, PE-labeled CD45 antibody (CD45-PE) 
for the calculation of capture efficiency. In addition, the three 
PBS replicates and three blood replicates were captured by 
VI-LMB and then EP-LMB and EGFR-LMB successively. 
Subsequently, the total capture efficiency of three magnetic 
beads in blood and PBS was compared, and the distribu-
tion of the captured cells on the cell surface was observed 
by Prussian staining. The cells were smeared and fixed in 4% 
paraformaldehyde for 10 min. The smears were filled with 
prepared Perls stain and 30 min incubated at 37 °C, washed 
twice with distilled water, 2 min each time. The smears were 
dyed with Perls re-staining solution for 1 minute, washed, 
dried, and examined under the microscope.

Capture and identification of CTCs in clinical blood 
samples. The peripheral blood of 60 patients (7.5 ml) was 
divided into two groups, which were first captured by 
VI-LMB, and then EP-LMB and EGFR-LMB. One group was 
stained for 15 min in the dark after evenly mixed with 10 ml 
FITC-labeled CK19 monoclonal antibody (CK19-FITC), 20 
ml DAPI staining fluid, and 10 ml PE-labeled CD45 antibody 
(CD45-PE). After staining, the magnetic beads were washed 
with 1 ml dd water, and then the solution was discarded after 
magnetic separation. The magnetic beads were washed 2 
times, and 20 ml deionized water was added to the centrifuge 
tube for mixing, which was evenly applied on the anti-off 
slide treated with polylysine. Finally, the observation and 
counting were made under the fluorescence microscope after 
the liquid drops became dry. The other group was merged 
with the cells captured by three kinds of magnetic beads, 
which was added with 20 ml PBS and kept in the refrigerator 
at 4 °C for EML4-ALK fusion gene detection.

EML4-ALK fusion gene detection. Reverse Transcrip-
tion-Polymerase Chain Reaction (RT-PCR): RNA was 
extracted from lung cancer tumor tissues and tumor cells by 
TRIzol method. After quantified, the RNA extracted from 
tumor tissues and tumor cells was reverse-transcribed into 
cDNA according to the user’s instruction manual of Promega 
reverse transcription kit. PCR reaction was made with the 
specific primers designed for fusion sites by using cDNA as the 
template, with the primer sequence as follows: EML4-ALK V1: 
forward 5’-GGGGAATGGAGATGTTCTTACTG-3’, reverse 
5’-GAGCTTGCTCAGCTTGTACTCAG-3’; EML4-ALK V2: 
forward 5’-GCTACATCACACACCTTGACTGG-3’, reverse 
5’-GAGCTTGCTCAGCTTGTACTCAG-3’;EML4-ALK 
V3: forward 5’-AAATTGTCGAAAATACCTTCAACAC-3’, 
reverse 5’-GAGCT TGCTCAGCTTGTACTCAG-3’; 
EML4-ALK V4: forward 5’-upstream CACTTTGTCAG-
ATGAGAAATGGG-3’, reverse 5’-GAGCTTGCTCAGCTT-
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to the observation results from AFM (atomic force micros-
copy) in Figure 2G, the three kinds of magnetic beads are 
spherical in different sizes, with relatively regular shape and 
no agglomeration, which is consistent with the particle size 
test results. According to the UV scanning results of the 
three kinds of magnetic beads shown in Figure 2H, there 
is no absorption peak at 280 nm for LMB, but the absorp-
tion peak appears at 280 nm for VI-LMB, EP-LMB, and 
EGFR-LMB, which is just the characteristic of ultraviolet 
absorption protein, indicating that the magnetic beads were 
coated with EpCAM, EGFR, and Vimentin antibodies on 
the surface. As shown in Figure 2I, the magnetic hysteresis 
curves of VI-LMB, EP-LMB, and EGFR-LMB, the naked 
magnetic beads Fe3O4 had the highest saturation magnetiza-
tion intensity, followed by those coated with liposome, and 
then those modified by the antibody. The results of contrast 
analysis show that the saturation magnetization intensity 
of Fe3O4 after coated by DOPC is weakened to some extent, 
and even lower after coupled with antibody, suggesting that 
magnetic beads Fe3O4 were coated by liposome and modified 
by antibody successfully.

Cytotoxicity. Figure 3A shows the cell proliferation 
rates after treatment with three kinds of magnetic beads, 
VI-LMB, EP-LMB, EGFR-LMB, at different concentrations, 
and it could be seen from the figure that A549 cell prolifera-
tion rate was greater than 80% when the concentrations of 
the three kinds of magnetic beads were below 30 μg/ml, and 
there was no significant difference from the control group 
(DMSO group) at the concentration of 20 μg/ml. The cell 
proliferation rate decreased as the concentration of magnetic 
beads increased, suggesting that the magnetic beads at too 
high concentration showed certain toxicity to cells, but the 
proliferation rate remained above 60%. The growth curve of 
A549 cells treated with 20 μg/ml magnetic beads was further 
measured experimentally, as shown in Figure 3B, and there 
was no significant difference between the growth curve of 
the three magnetic beads and that of the control group in 
the continuous determination for a week, indicating that the 
effect of the three kinds of magnetic beads on cytotoxicity 
was stable, which would not increase with the growth of 
culture time.

Cell capture efficiency. In the simulated capture of CTCs 
in vitro, the cells captured were subjected to Prussia staining 
simultaneously, with the results shown in Figure 4A. As 
could be seen from Figure 4A, the liposome magnetic beads 
not modified by antibodies were scattered around the cells, 
while the antibody-modified VI-LMB, EP-LMB, EGFR-LMB 
magnetic beads were attached on the cell surface, indicating 
the antibody-modified VI-LMB, EP-LMB, EGFR-LMB 
could make immunological recognition of cells, which 
was consistent with the UV test results. Figure 4B shows 
the cell capture rates of the three kinds of magnetic beads 
in the blood and PBS system, and the figure shows three 
kinds of magnetic beads in the blood or PBS capture rate 
were not significantly different (p>0.05). The capture rate of 

GTACTCAG-3’; EML4-ALK V5: forward 5’-GATGAAAT-
CACTGTGCTAAAGGC-3’, reverse 5’-GAGCTTGCTCAG-
CTTGTACTCAG-3’; GAPDH: forward 5’-TGAAGGTCG-
GAGTCAACGGAT-3’, reverse 5’-CTGGA-AGATGGTGAT-
GGGATT-3’. OneStep RT-PCR kit (Qiagen, Inc., Valencia, 
CA, USA) was used for the RT-qPCR, which was performed 
in an ABI 7500 (Thermo Fisher Scientific, Inc.). The thermo-
cycling conditions were 95 °C for 5 min, and 40 cycles at 
95 °C for 15 sec, and 60 °C for 15 sec. GAPDH was used as an 
internal reference for EML4-ALK.

Immunohistochemistry (IHC). The samples on slides 
embedded with paraffin and formalin were firstly dewaxed 
in xylene and rehydrated in alcohol gradients of 100%, 95%, 
85%, and 75%. The slides were then heated to 95 °C for 30 min 
to retrieve antigens in the tissues. The activity of endogenous 
peroxidase was blocked by employing 3% hydrogen peroxide 
for 10 min. Part of the tissue was covered with normal serum 
at room temperature for 30 min. The primary antibody 
was added and incubated at 4 °C overnight, followed by the 
secondary antibody incubation for 10 min. Next, the samples 
were stained with 3,3’-diaminobenzidine and counterstained 
with hematoxylin. The procedure of dehydration was imple-
mented and finally, covers slips were applied.

Western blotting (WB). An appropriate amount of tissue 
was ground into powder, PMSF, phosphatase inhibitor, and 
protease inhibitor were added followed by the ultrasonica-
tion for 15 seconds under the power of 30. After centrifu-
gation at 4 °C for 30 min at 12000 rpm, the proteins in the 
supernatant were obtained and separated by 8% sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis. Proteins 
were then transferred onto a polyvinylidene difluoride 
membrane (Millipore). Membranes were blocked in Tris-
buffered saline-Tween containing 5% nonfat dry milk and 
β-actin (1:2,000; Santa Cruz Biotechnology) antibodies. 
Relative expression levels were quantified using Quantity 
One software (Bio-Rad).

Statistical approach. SPSS21.0 statistical software was 
used for the analysis, with the data expressed as mean ± 
standard deviation. One-way ANOVA was used for the 
comparison between time points, the SNK test was used for 
pairwise comparison, and the t test was used for compar-
ison between two groups, with <0.05 (*p<0.05; **p<0.01; 
***p<0.001) considered as statistically significant.

Results

Characterization of immunoliposome magnetic beads. 
The characterization results of the three kinds of magnetic 
beads (Figures 2A–C) show the particle size distribution of 
VI-LMB, EP-LMB, and EGFR-LMB respectively, with the 
average particle size of 251.1±1.5 nm, 236.6±2.5 nm, and 
243.3±1.2 nm, respectively. Figures 2D–F show the poten-
tial distribution of the three kinds of magnetic beads that 
are are positively charged, which is conducive to the disper-
sion of magnetic beads in hydrophilic solution. According 
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Figure 2. Characterization of three kinds of immunomagnetic beads. A) EP-LMB particle size distribution; B) VI-LMB particle size distribution; C) 
EGFR-LMB particle size distribution; D) EP-LMB potential test diagram; E) VI-LMB potential test diagram; F) EGFR-LMB potential test diagram; 
G) Atomic force test results of three kinds of immunomagnetic beads; H) Ultraviolet scanning spectra of three kinds of magnetic beads; I) Hysteresis 
cycle curve B.
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VI-LMB magnetic beads was greater than that of EP-LMB 
and EGFR-LMB, and the three kinds of magnetic beads 
showed better recognition ability and capture ability to cells, 
so the total cell capture rates in the same cell suspension by 
the three kinds of magnetic beads under different environ-
ment were investigated successively, with the results shown 
in Figure 4C. There was no significant difference in the total 
capture efficiency of the three kinds of magnetic beads in 
PBS and blood (p>0.05), indicating that this method could 
be used to capture CTCs from the patient clinical blood 
sample.

CTCs captured in clinical blood samples and identi-
fication results. Except for CTCs, the cells after magnetic 
enrichment also include a certain number of erythrocytes 

and leukocytes. The CTC recognition is currently mainly 
based on CTC antigen specific expression; therefore, the 
identification of CTCs in this experiment was achieved by 
immunofluorescence staining. The cell morphology could 
be observed under white light, and it could be determined 
that the cell captured by magnetic beads in the blood was 
CTC when CK19-FITC green fluorescence was strongly 
positive, DAPI blue fluorescence was strongly positive, and 
CD45 staining was negative. Figure 5A shows the immuno-
fluorescence identification of CTC in clinical blood captured 
by the three kinds of magnetic beads, and as shown in 
Figure 5A, all cells captured by the three kinds of magnetic 
beads are CTCs. Figure 5B shows the level of CTCs captured 
by the three magnetic beads in the blood of 60 patients 

Figure 3. Effect of three kinds of immunomagnetic beads on A549 cell activity. A) Effect of different concentrations of the three kinds of immunomag-
netic beads on A549 cell proliferation rate; B) A549 cell growth curve treated with 20 μg/ml magnetic beads.

Figure 4. Simulated CTC capture efficiency of the three kinds of magnetic beads in vitro. A) Distribution of the three kinds of magnetic beads on the 
cell surface; B) Cell capture efficiency of the three kinds of magnetic beads in PBS and blood system, respectively; C) Total cell capture rate of the three 
kinds of magnetic beads in PBS and blood system.
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before operation, with the average level of CTCs captured 
by VI-LMB magnetic beads significantly higher (p<0.05) 
than that of EP-LM and EGFR-LMB. The average level of 
CTCs captured by EGFR-LMB was significantly lower than 
that of EP-LM. Figure 5C shows the CTC level of patients 
with different tumor grades before the operation, in which 
the CTC level of well-differentiated grade 1 (G1) before 
the operation is lower than medium differentiation grade 2 
(G2), and G2 is significantly lower than poorly differentiated 
grade 3 (G3), but there is no significant difference after the 
operation (Figure 5D).

Detection and verification of the EML4-ALK fusion 
gene. The detection and verification results of EML4-ALK 
fusion gene in three positive patients is shown in Figure 6. 
The AGE (agarose gel electrophoresis) of the EML4-ALK 
(V3) gene fusion by RT-PCR: CTC EML4-ALK (V3) fusion 

gene exists in CTC, with the result consistent with that in 
tissue (Figure 6B). Figure 6C shows the expression results of 
the fusion protein in tumor tissue of the patient by western 
blot. The ALK protein specific band appears at about 86 kDa, 
indicating that ALK fusion occurs in this patient. Figures 6D 
and 6E show the immunohistochemical results, in which the 
cytoplasm of tumor cells show dark brown, namely, positive 
results (Figure 6E), with para-tumor tissue selected as the 
negative control (Figure 6D); the comparison of several 
methods could prove that EML4-ALK gene fusion could be 
detected by capturing CTCs.

The relationship between EML4-ALK and clinicopatho-
logical parameters and the statistical results of gene fusion. 
The CTCs captured in the peripheral blood samples of 60 
patients were subject to the EML4-ALK fusion gene detec-
tion, and a total of 19 EML4-ALK genes were found to be 

Figure 5. CTCs captured in clinical blood samples and identification results. A) CTC immunofluorescence identification results (scale: 20 cm); B) CTC 
levels captured by the three kinds of magnetic beads; C) Pre-operative CTC distribution level; D) Post-operative CTC distribution level.
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positive, with a mutation rate of 31.67% (19/60). The analysis 
results show that the EML4-ALK gene fusion occurred in the 
relatively younger patients, with the positive rate of ALK in 
patients ≤60 years old being 25%, and that in patients >60 
years old being 6.67%, p=0.008. The positive rates of ALK 
in smokers and non-smokers were 6.67% and 25%, respec-
tively, p=0.032. In terms of the tumor histological types, the 

positive rate of ALK was 28.33% in adenocarcinoma patients 
and 3.33% in non-adenocarcinoma patients, p=0.026. The 
positive rate of ALK in male patients was slightly higher than 
that in female patients, but it is not statistically significant 
(p=0.441, Table 1).

The specific gene fusion results are shown in Figure 7. As 
can be seen from Figure 7A, the RT-PCR gene fusion detec-
tion results of CTCs captured in peripheral blood are consis-
tent with the RT-PCR results of tissues; the positive rate of 
EML4-ALK gene fusion detected by western blot and IHC is 
slightly lower than that detected by RT-PCR, but there is no 
significant difference, indicating that the RT-PCR detection 
results of CTCs are highly consistent with the detection results 
of tissues by RT-PCR, WB, and IHC. It can also be seen from 
Figure 7B that EML4-ALK gene fusion includes four variant 
expression types, namely, EML4-ALK (V1), EML4-ALK 
(V2), EML4-ALK (V3), and EML4-ALK (V5), among which 
the positive rate of EML4-ALK (V3) is the highest, with a 
positive rate of about 15%. The statistical results of 60 cases 
of pre-operative and post-operative EML4-ALK gene fusion 
are shown in Figure 7C. The positive rate of pre-operative 
EML4-ALK gene fusion was 31.67%; while the positive rate 
of post-operative EML4-ALK gene fusion, 28.3%, was lower 
than that of pre-operative one.

Figure 6. Detection results of the EML4-ALK fusion gene. A) Gene fusion results of EML4-ALK (V3) in tissue by RT-PCR detection (m: DNA marker, 
a: para-tumor tissue, b: tumor tissue). B) Gene fusion results of EML4-ALK (V3) in CTC by RT-PCR detection (m: DNA marker c: BEAS-2B cells, d: 
CTC). C) Western blot results of ALK protein in tissues (I: para-tumor tissue, II: tumor tissue); D) ALK-negative immunohistochemical results (×20); 
E) ALK-positive immunohistochemical results (×20).

Table 1. Relationship between the EML4-ALK fusion gene expression and 
clinicopathological parameters of patients.
Clinicopathological parameter n PCR+ (%) p-value
Age (years old) 0.008

≤60 33 15 (25.00%)
>60 27 4 (6.67%)

Sex 0.441
Male 39 11 (18.22%)
Female 21 8 (13.33%)

Smoking history 0.032
Yes 24 4 (6.67)
No 36 15 (25.00%)

Pathological pattern 0.026
Adenocarcinoma 44 17 (28.33%)
Non-adenocarcinoma 16 2 (3.33%)
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Discussion

So far, the detection methods for ALK rearrange-
ment include fluorescence in situ hybridization (FISH), 
immunohistochemistry (IHC), cDNA reverse transcription 
polymerase chain reaction (RT-PCR), and NGS, each of 
these has its advantages and disadvantages. At present, FISH 
is the “gold standard” for the detection of ALK fusion gene, 
which can detect all fusion subtypes accurately and reliably. 
FISH has become a standard diagnostic tool because it is 
recommended as a reference method in clinical trials or to 
confirm suspicious IHC results [13–15]. Nevertheless, FISH 
is expensive and time-consuming, and specialized fluores-
cence microscopes and specialists are required. In addition, 
FISH could be challenging because false negative and false 
positive results may exist and result in significant interob-
server differences [16, 17]. Another screening test for ALK 
protein is IHC [18], which is a sensitive and specific method 
to determine the expression of ALK protein and screen ALK 
fusion genes, which is characterized by low cost, short cycle, 
and easy operation [19]. RT-PCR can also detect ALK fusion 
genes at a lower price, without the subjective judgment of the 
testers. However, the detection methods above are mostly 
used for tissue detection, which will be difficult for the detec-
tion of lung cancer and other cancer tissues.

A method to capture CTCs from peripheral blood of 
patients and to perform gene detection by preparing immuno-

magnetic beads was put forward based on this, to effectively 
solve the problem of difficult tissue acquisition. The acquisi-
tion methods of CTCs mainly include cell size enrichment 
method, gradient centrifugation method, and immuno-
magnetic bead method, etc. In the immunomagnetic bead 
separation method, the magnetic beads labeled by specific 
monoclonal antibody firstly bind to the surface antigen of 
the target cells, and then the target cells are separated from 
other cells in the blood under the action of the magnetic 
field. Studies have shown that compared with other methods, 
immunomagnetic bead separation could greatly improve the 
detection rate of circulating tumor cells in the blood [20]. As 
the first and only commercial product approved by FDA and 
CFDA, Cell Search also uses the EpCAM specific antibody-
based magnetic bead separation method [21]. Moreover, as 
the gold standard for circulating tumor cell sorting, ~5–1,000 
circulating tumor cells could be detected from 7.5 ml blood, 
which could be used as the prognosis evaluation of tumor 
patients. The VI-LMB, EP-LMB, and EGFR-LMB magnetic 
beads with small particle size, high stability, and strong 
specificity were successfully prepared, and the three kinds 
of magnetic beads showed high capture efficiency after the 
simulation of CTC capture experiment, with the capture 
efficiency greater than 80%.

Regarding the mutation rates of EML4-ALK subtypes, the 
incidence of each subtype reported by different research was 
slightly different. Woo et al. detected the EML4-ALK fusion 

Figure 7. Statistical results of gene fusion: A) Consistency between RT-PCR results of CTC and RT-PCR, WB, and IHC results of tissues; B) EML4-
ALK-positive rate with different variant types; C) Pre-operative and post-operative EML4-ALK-positive rates.
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gene subtypes of 54 advanced NSCLC patients by FISH 
and found that the V3 variant was the most common type, 
accounting for 44.4%, while V1 and V2 variants accounted 
for 33.3% and 11.1%, respectively [22]. Lei et al. detected the 
EML4-ALK fusion gene subtypes in 61 advanced NSCLC 
patients by FISH and found that the V1 and V3 variants 
accounted for 36% and 29.5%, respectively [23]. Woo et al. 
[22] found that the V3 variant was the most common, while 
Lei et al. [23] found the V1 variant was the most common. 
In addition, Mitiushkina et al. detected the genetic subtypes 
of 64 ALK-positive NSCLC patients by using RT-PCR and 
found that the V1 variant accounted for 52%, and V3 variants 
accounted for 25% [24]. Yoshida et al. detected EML4-ALK 
fusion gene subtypes in 35 NSCLC patients by RT-PCR 
and found that the V1 variant accounted for 54%, V2 and 
V3 variants accounted for 14% and 12%, respectively [25]. 
Yoshida et al. detected the EML4-ALK fusion gene subtypes 
in 35 NSCLC patients by RT-PCR, and found that V1 variant 
accounted for 54%, while V2 and V3 variants accounted for 
14% and 12%, respectively [25]. Lv et al. analyzed the fusion 
subtypes of 31 advanced NSCLC patients with positive 
EML4-ALK fusion gene by means of NGS and found that the 
V1 variant accounted for about 42%, while V3 and V2 variants 
accounted for 26% and 10%, respectively [26]. Through the 
analysis of EML4-ALK fusion subtypes after the CTCs were 
captured in the blood of 60 lung cancer patients, it was found 
that the incidence of the V1 variant was 10%, and those of 
V3 and V2 variants were 15% and 3.3%, respectively, so V3 
variant was the most common, which was consistent with the 
findings of Woo et al. [22]. In addition, it was found through the 
verification of EML4-ALK fusion gene in tissues by RT-PCR, 
western blot, and IHC that the results obtained by CTCs 
were highly consistent with those by RT-PCR, WB, and IHC.

In conclusion, the EML4-ALK gene fusion detec-
tion performed on the nucleic acid of CTCs, which were 
captured in the blood of the patients histologically tested to 
be EML4-ALK positive, showed that the EML4-ALK fusion 
gene could be detected by means of CTCs, and it could 
demonstrate that the CTC-ALK gene fusion detection system 
was successfully established in this research, which could 
avoid the problems of difficult sampling and post-sampling 
complications, and really achieve the minimally invasive 
biopsy, so it will provide a certain experimental reference for 
taking blood CTCs as the target of fusion gene detection for 
lung cancer patients in the future.
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