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Background: This study aimed to clarify the effect of thoracic drainage fluid (DF) on lung 

cancer cells in vitro. 

Methods: We assessed the influence of DF on the proliferation and migration of lung cancer 

cells (LTEP-a-2 and A549) using the MTT cell proliferation assay and scratch wound assay. 

Cell apoptosis was determined by flow cytometric analysis. We also investigated the effect of 

DF on drug chemosensitivity, assessing viability of LTEP-a-2 and A549 cells. 

Results: The proliferative rates of cancer cells in the DF-treated group were significantly higher 

than those of the control group. Similar results were obtained for cell migration of lung cancer cells. 

Cells in the DF-treated groups showed a lower percentage of apoptosis than those of the control 

groups. Chemosensitivity of lung cancer cells to doxycycline and cisplatin (DDP) was lowered by DF. 

Conclusion: These findings suggest that DF affects lung cancer cells by promoting prolifera-

tion and migration, inhibiting apoptosis, and increasing drug resistance.
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Introduction
Lung cancer has the highest incidence and mortality rate among all cancers in China 

and worldwide.1,2 Currently, surgery is the most important and only method for curing 

lung cancer. With the improvement of diagnostic and treatment procedures, such as 

endoscopy, radical surgery, radiochemotherapy, targeted therapy, and other integrated 

treatments,3,4 more accurate staging and early diagnosis have significantly increased 

the survival of lung cancer patients.5–7 Also, advances in surgical techniques, such 

as thoracoscopy, have decreased surgical trauma and incidence of complications in 

patients, improving their quality of life.8–11

In recent years, many studies on lung cancer surgery have been put forward. With 

the number of lung cancer patients in China increasing every year, treatment efficiency 

in large hospitals has become a medical and even a social problem, awaiting resolution. 

Against this background, the concept of rapid rehabilitation surgery was born. In recent 

years, this concept has been explored and applied to gastrointestinal, thoracic, and 

other surgeries, in accordance with clinical diagnosis and treatment models.12–14 Among 

these is the thoracic surgery domain of lung cancer surgery, where many thoracic 

surgeons have proposed that the chest tube can be removed earlier after radical lung 

cancer surgery, especially after thoracoscopic lobectomy, to achieve early postopera-

tive discharge of patients, increase bed turnover, and reduce medical costs. There are 

many studies showing that early removal of chest tubes does not increase the incidence 

of complications in patients during the perioperative period, and a small number of 
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studies reported that eliminating the chest tube drainage of 

500 mL/day also does not increase complications.15 However, 

these practices entail reabsorption of excess pleural effu-

sion into the systemic circulation. As malignant tumors are 

systemic diseases, the presence of chemical substances in 

plural effusion, and even residual tumor cells, has potential 

effects on local or systemic recurrence, and development of 

drug resistance. These effects are still unknown.

Previous studies have found that the drainage fluid (DF) 

from breast cancer patients promoted proliferation and 

migration of breast cancer cells, and this effect showed some 

degree of dose-dependence. One study showed that surgery 

may have negative effects on malignant tumors.16 Based on 

this, we designed an experiment to examine the effects of 

thoracic DF obtained after lung cancer surgery on the biologi-

cal behavior of lung cancer cells, including chemotherapeutic 

drug resistance. This provides experimental evidence of the 

biological characteristics of postoperative DF from various 

malignancies and may help guide the timing of postoperative 

tube removal and chemotherapy.

Results
Influence of DF on cell death of LTEP-a-2 
and A549 cells
We evaluated the cell death of LTEP-a-2 and A549 cells 

by MTT assay, taking the untreated cells as reference. The 

results showed remarkably decreased cell death in the DF-

treated group compared to the untreated cells (Figure 1). The 

increased survival rates of A549 cells in 0.1%, 0.5%, and 

1.0% DF-treated groups were 111.00% (±10.09%), 115.08% 

(±11.15%), and 114.78% (±11.26%), respectively. These 

were higher than the untreated group and the differences were 

statistically significant (P=0.0036, P=0.010, and P=0.011, 

respectively; Figure 1A and B). Similarly, the survival rates 

of LTEP-a-2 cells in 0.1%, 0.5%, and 1% DF-treated groups 

were 160.13% (±34.91%), 158.40% (±19.90%), and 161.31% 

(±17.33%), respectively, and these were also significantly 

higher than the untreated group (0.1%, 0.5%, and 1.0% DF, 

all P<0.001; Figure 2B).

Effect of DF on chemosensitivity
We tested the effect of DF on drug chemosensitivity, assess-

ing the viabilities of LTEP-a-2 and A549 cells (Figure 2). 

In the doxycycline chemosensitivity group, the viability of 

DF-treated (0.1% and 1%) LTEP-a-2 cells was higher than 

that in the untreated groups for both drug concentration 

levels (5 and 10 mg/L) and the differences were statistically 

significant (P=0.047 and P=0.007, respectively, for 5 mg/L 

doxycycline; P<0.001 and P=0.002, respectively, for 50 mg/L 

doxycycline; Figure 2A). Our results with DDP treatment 

were similar to those obtained for the doxycycline group. 

Cell viability in DF-treated groups was significantly higher 

than that in the control group, with statistically significant 

differences (P=0.039 and P=0.034, respectively, for 5 mg/L 

DDP; P=0.010 and P=0.041, respectively, for 10 mg/L DDP; 

Figure 2B). We observed a similar effect of DF on the drug 

chemosensitivity of A549 cells (Figure 2C and D). In the 

doxycycline group, viability of A549 cells with 0.1% and 1% 

DF was significantly higher than that in the untreated groups 

(P=0.021 and P=0.013, respectively, for 5 mg/L doxycycline; 

P=0.048 and P=0.002, respectively, for 10 mg/L doxycy-

cline, Figure 2C). We obtained similar results with DDP. 

Cell viability in DF-treated groups was significantly higher 

than in control groups (P=0.046 and P=0.038, respectively, 

Figure 1 MTT proliferation assay: DF increases proliferation of LTEP-a-2 and A549 cells. 
Notes: (A) Increases proliferation by DF in LTEP-a-2. (B) Increases proliferation by DF in A549. Proliferation of LTEP-a-2 and A549 cells was assessed by MTT proliferation 
assay, taking the untreated cells as reference. Proliferation was significantly increased in 0.1%, 0.5%, and 1% DF-treated groups compared to the control groups.
Abbreviation: DF, drainage fluid.
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for 5 mg/L DDP; P=0.033 and P=0.047, respectively, for 10 

mg/L DDP; Figure 2D).

Flow cytometry analysis
We performed a flow cytometric analysis to determine the 

percentage of apoptotic cells in each individual group. Cells 

in the groups treated with 0.1% and 1% DF showed lower 

apoptosis percentages than those of the control groups 

(Figure 3).

Influence of DF on motility of lung cancer 
cells
The potential motilities of LTEP-a-2 and A549 cells were 

evaluated by the scratch wound assay. The results showed 

that DF tends to stimulate migration of lung cancer cells in 

both 0.1% and 1% DF groups compared with the control 

group (Figure 4).

Discussion
In this study, we showed that the effects of DF on lung cancer 

cells include promoted proliferation and migration, inhibited 

apoptosis, and increased drug resistance. These results were 

consistent with the findings of previous studies,16–18 which 

have suggested that DF acts as a form of tumor microenviron-

ment and that its constituent cytokines and other components 

act to promote malignant biological behavior of tumor cells. 

In the local primary tumor, these negative effects provide an 

environment conducive to recurrence of residual tumor cells, 

while excessive DF absorption and circulation increase the 

probability of systemic recurrence of the tumor.

In a situation where China’s economy and national income 

are still not ideal, chemotherapy still remains an important 

adjuvant treatment for lung cancer as compared with targeted 

therapy,7,19 which has an indispensable function in the preven-

tion of local and systemic recurrence. Our experimental results 

showed that DF not only promotes proliferation and inhibits 

apoptosis of lung cancer cells but also increases drug resis-

tance. This suggests that the presence of local DF after surgery 

may increase recurrence and decrease the therapeutic efficacy 

of chemotherapy. Furthermore, DF was found to inhibit both 

early and late apoptosis in lung cancer cells, providing an envi-

ronment conducive to the survival and recurrence of residual 

cancer cells. Therefore, there is still no definite conclusion as 

to whether chest tubes should be removed soon after surgery.

Figure 2 Chemosensitivity test: DF weakened the doxycycline and DDP chemosensitivity of lung cancer cells, taking the control groups as reference. 
Notes: In the doxycycline chemosensitivity group, viability of LTEP-a-2 cell groups treated with DF (0.1% and 1%) were higher than those of the control groups at both drug 
concentration levels (5 and 50 mg/L), and the differences were statistically significant (A). Treatment with DDP produced results similar to those obtained with doxycycline 
(B). DF similarly weakened chemosensitivity of A549 cells (C and D).
Abbreviations: DDP, cisplatin; DF, drainage fluid; N, negative control.
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Previous studies have reported the major components 

of DF,16 which include cytokines, chemokines, and matrix 

metalloproteinases. These are influenced by chemotherapy, 

TNM staging, pathological type, and molecular subtype. 

Among cytokines, the concentration of IL-6 is the highest, 

and previous studies have suggested that IL-6 can mediate 

tumor recurrence and metastasis through STAT3, MMP3, 

and other relevant pathways.20–23 Therefore, it is conceivable 

that several complex components of DF can mediate the 

malignant biological behavior of tumors through a variety 

of signaling pathways.

More in-depth studies to elucidate the specific underlying 

mechanisms of the biological effects of DF are warranted. 

The ability of cells to promote MTT reduction was only 

evaluated at one time point (48 hours). The MTT reduction 

is dependent not only on the number of cells but also on the 

metabolic performer of cells connected with their mitochon-

drial activity. The results can only improve the mitochondrial 

functionality or decreased number of cells that died after 

seeding without affecting the duplication time. Thus, addi-

tional assays are required to evaluate the effect of DF on the 

proliferation rate of cancer cells. The assessment of cell death 

Figure 3 Flow cytometry analysis: LTEP-a-2 and A549 cells in the groups treated with 0.1% and 1% DF showed lower percentages of apoptosis than the control groups.
Notes: (A) Representational figures for apoptosis of LTEP-a-2 and A549 cells. (B) Statistical results for apoptosis of LTEP-a-2 cells. (C) Statistical results for apoptosis of 
A549 cells.
Abbreviations: DF, drainage fluid; NC, negative control; PI, propidium iodide.
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by apoptosis and the assessment of cell resistance to apop-

totic drugs allow limited conclusions. Apoptosis involves the 

activation of caspases, which is a group of cysteine proteases. 

The inclusion of the effects on the activity of the initiator and 

effector caspases should also be considered.

In addition, primary tumor cells from diverse lung cancer 

patients need to be tested in order to further investigate the 

drug susceptibility and biological effects of DF. Samples from 

different types of lung cancers are necessary to understand the 

differences in chemotherapeutic susceptibility between dif-

ferent clinicopathological types. This research helps improve 

chemotherapeutic regimens for different lung cancer types 

and also provides guidance on the best time for chest tube 

removal. At the same time, the design of rigorous animal 

experiments and continuous follow-up on the tube removal 

status and survival of patients are necessary.

Materials and methods
Patients and collection of DF
We obtained 16 DF samples from 16 lung cancer patients who 

underwent lobectomy. All patients had no known underlying 

diseases except lung neoplasm. Sixteen DF samples were 

used for the cell MTT proliferation test, and nine samples 

were used for the chemosensitivity test in vitro.

Supernatant from centrifuged DF samples was collected 

under sterile conditions and preserved at −80°C without 

additives. Written informed consent was obtained from the 

patients, and the study protocol was conducted in accordance 

with the Declaration of Helsinki and approved by the Ethics 

Committee of China Medical University.

Cell incubation
The DF specimens were sterilized and pretreated at 0°C 

before co-culture assays in vitro. Sixteen DF specimens 

were used to evaluate the influence of DF on lung cancer 

cell lines. LTEP-a-2 and A549 lung cancer cell lines were 

acquired from American Type Culture Collection (ATCC, 

Manassas, VA, USA). LTEP-a-2 and A549 cells were 

cultured in RPMI 1640 medium (ATCC) and in F-12K 

medium (ATCC) supplemented with 10% FBS (Sigma-

Aldrich Co., St. Louis, MO, USA). Each experiment was 

repeated three times.

Figure 4 Scratch wound tests: DF promoted migration of LTEP-a-2 and A549 cells. 
Notes: Scratch wounds for LTEP-a-2 and A549 cells at 0 and 48 hours after introducing the wound, and treatment with DF. Scratch fold changes in 0.1% and 1% DF-treated 
groups were significantly higher than in the control group. The scratch closure change area of cells treated with 1% DF tended to be larger than with 0.1% DF.
Abbreviation: DF, drainage fluid.
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Cell death test and in vitro 
chemosensitivity test
We tested the survival potential and drug chemosensitivity 

of LTEP-a-2 and A549 cells by MTT assay. LTEP-a-2 and 

A549 cells (5×104/mL for the proliferation test and 10×104/

mL for the in vitro chemosensitivity test) were seeded onto 

96-well plates in 100 µL complete medium. Lung cells were 

incubated for 24 hours at 37°C, after which we replaced the 

medium with new complete medium for both groups. At this 

point, DF (0.1%, 0.5%, and 1%) samples were added to the 

treated groups’ medium. Some cells were used for in vitro 

chemosensitivity tests, which included two concentration 

levels (5 and 10 mg/L) of doxycycline or DDP. The remain-

ing cells were used for proliferation tests. After 48 hours of 

incubation at 37°C, 10 µL MTT dye was added to each well 

and co-cultured with cells for 4 hours. The MTT solution was 

then removed. Formazan crystals were dissolved by adding 200 

µL dimethyl sulfoxide to each well. Absorbance was measured 

at 570 nm with a microplate reader (Titertek Multiskan PLUS, 

MK II; Labsystems, McLean, VA, USA). Each experiment 

was repeated three times.

Flow cytometry analysis
LTEP-a-2 and A549 cells (1×105 cells/well) were seed into 

24-well plates and incubated in complete medium overnight. 

Culture medium was then replaced with new complete 

medium for both groups, while DF (0.1% and 1%) samples 

were added to the treated groups’ medium at 37°C for 24 

hours. The cells were then washed with PBS and sloughing 

cells were removed. The recombinant annexin V conjugated 

to green-fluorescent FITC dye was used to detect the exter-

nalization of phosphatidylserine, as a sign of apoptotic cells. 

The remaining cells were stained with anti-FITC and anti-

PI, and the percentages of apoptotic cells in each individual 

group were determined using flow cytometry analysis. Each 

experiment was repeated three times.

Scratch wound test
LTEP-a-2 and A549 cells with 90% confluence were plated 

uniformly in complete medium in 24-well plates. Scratched 

cells were located at the bottom of the wells after 24 hours of 

incubation. Cell suspensions were freshly prepared for visu-

alization in PBS. Initial scratch wounds (0 hour) were imaged 

at once. The medium was replaced, while DF (0.1% and 1%) 

was added to the treated groups’ medium. Scratch wounds 

after 48 hours incubation with DF were visualized under a 

microscope (Leica DM4000B; Leica Microsystems, Wetzlar, 

Germany). Each experiment was repeated three times.

Statistical analysis
We used IBM SPSS statistical version 22.0 software (IBM 

Corporation, Armonk, NY, USA). We made statistical figures 

using PRISM (version 5; GraphPad Software, Inc., La Jolla, 

CA, USA). The differences among groups were compared by 

analysis of variance, followed by a Student Newman Keuls 

post hoc test. P-values <0.05 were considered statistically 

significant.
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