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Introduction: The biological changes after irradiation in lung cancer cells are important to

reduce recurrence and metastasis of lung cancer. To optimize radiotherapy of lung adeno-

carcinoma, our study systematically explored the mechanisms of biological behaviors in

residual A549 and XWLC-05 cells after irradiation.

Methods: Colony formation assay, cell proliferation assay, cell migration assay, flow

cytometry, BALB/C-nu mice xenograft models and Western blot of pan-AKT, p-Akt380,

p-Akt473, PCNA, DNA-PKCS, KU70, KU80, CD133, CD144, MMP2 and P53 were used in

our study to assess biological changes after irradiation with 0, 4 and 8 Gy at 0–336 hr after

irradiation in vitro and 20 Gy at transplantation group, irradiated transplantation group,

residual tumor 0, 7, 14, 21, and 28 days groups in vivo.

Results: The ability of cell proliferation and radiosensitivity of residual XWLC-05 cells was

better than A549 cells after radiation in vivo and in vitro. MMP-2 has statistical differences

in vitro and in vivo and increased with the migratory ability of cells in vitro. PCNA and P53

have statistical differences in XWLC-05 and A549 cells and the changes of them are similar

to the proliferation of residual cells within first 336 hr after irradiation in vitro. Pan-AKT

increased after irradiation, and residual tumor 21-day group (1.5722) has statistic differences

between transplantation group (0.9763, p=0.018) and irradiated transplantation group

(0.8455, p=0.006) in vivo. Pan-AKT rose to highest when 21-day after residual tumor

reach to 0.5 mm2. MMP2 has statistical differences between transplantation group (0.4619)

and residual tumor 14-day group (0.8729, p=0.043). P53 has statistical differences between

residual tumor 7-day group (0.6184) and residual tumor 28 days group (1.0394, p=0.007).

DNA-PKCS has statistical differences between residual tumor 28 days group (1.1769) and

transplantation group (0.2483, p=0.010), irradiated transplantation group (0.1983, p=0.002)

and residual tumor 21 days group (0.2017, p=0.003), residual tumor 0 days group (0.5992)

and irradiated transplantation group (0.1983, p=0.027) and residual tumor 21 days group

(0.2017, p=0.002). KU80 and KU70 have no statistical differences at any time point.

Conclusion: Different proteins regulated apoptosis, proliferation and metastasis of lung

adenocarcinoma after radiotherapy at different times. MMP-2 might regulate metastasis

ability of XWLC-05 and A549 cells in vitro and in vivo. PCNA and P53 may play important

roles in proliferation of vitro XWLC-05 and A549 cells within first 336 hr after irradiation

in vitro. After that, P53 may through PI3K/AKT pathway regulate cell proliferation after

irradiation in vitro. DNA-PKCS may play a more important role in DNA damage repair than

KU70 and KU80 after 336 hr in vitro because it rapidly rose than KU70 and KU80 after

irradiation. Different cells have different time rhythm in apoptosis, proliferation and metas-

tasis after radiotherapy. Time rhythm of cells after irradiation should be delivered and more

attention should be paid to resist cancer cell proliferation and metastasis.
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Introduction
Lung cancer is one of the most malignant tumors with the

highest incidence, the mortality of which is the highest

among all tumors.1,2 Surgery, Radiation therapy and che-

motherapy are the main treatment strategies for advanced

NSCLC.

Radiotherapy killed cancer cells by breaking DNA

damage directly or indirectly.3 Radiotherapy is an important

treatment for early or advanced lung cancer patients.2With the

development of radiotherapy, radiotherapy becomes more and

more accurate. However, the recurrence and metastasis of

lung cancer still exist after irradiation.

Zheng et al4 reported that X-ray irradiation improved

the metastasis of tongue squamous cell carcinoma (TSCC)

cells increasing dose-dependently with exposure to X-ray

radiation. Residual tumors after chemotherapy grew

slower than before, but the metastatic ability was signifi-

cantly enhanced in MHCC97L and HepG2 cells of hepa-

tocellular carcinoma and transplanted tumors in nude rats.5

The biological behavior of lung cancer cells after radio-

therapy may change, but the specific changes and

mechanisms need to be studied.

Our study chose XWLC-05 and A549 human adenocar-

cinoma cell line to compare the differences in the biological

behavior of XWLC-05 and A549 residual cells after irradia-

tion. By adding different doses of X-ray irradiation to

XWLC-05 and A549 cells, we recorded and analyzed the

changes in radiation sensitivity, cell proliferation, migra-

tion, cell cycle regulation, apoptosis, adenocarcinoma stem

cells and protein expression at different times. This study

aims to guide the comprehensive treatment of lung cancer,

especially individualized radiotherapy.

PI3K/AKT pathway and PCNA play an important role in

cancer metabolism and proliferation.6 DNA-PKCS, KU70 and

KU80 play important roles during the repair of DNA damage.

CD133, CD144, MMP2 and P53 can affect cancer stem cells

and metastasis. Most reports did not explore the dynamic

protein changes at different time after irradiation. Themechan-

ism of lung cancer recurrence and metastasis are unknown. If

the time rhythm of cancer cells proliferation and metastasis

after irradiationwere confirmed,we can choose the best time to

reduce cancer cells proliferation or transformation by irradia-

tion. So, we chose pan-AKT, p-Akt380, p-Akt473, PCNA,

DNA-PKCS, KU70, KU80, CD133, CD144, MMP2 and

P53 to assess the mechanism of recurrence and metastasis

during lung cancer cell growth, metastasis and stem cells

after irradiation. We found that different proteins play impor-

tant roles in apoptosis, proliferation and metastasis of lung

adenocarcinoma after radiotherapy at different times. The

time of delivery of radiotherapy should be long enough to

resist cancer cell proliferation. Pathway inhibitor combined

with radiotherapy should be used at a reasonable time which

may improve the effect of pathway inhibitor combined with

radiotherapy.

Methods
A549 and XWLC-05 Cell Culture and

Irradiation
The XWLC-05 cell was a kind of human lung adenocarci-

noma cell line, supported by the first No.1 Affiliated

Hospital of Kunming Medical University.7–10 The A549

cell line (Cell center, Yunnan, China) and XWLC-05 cell

line were maintained in RPMI-1640 (HyClone, USA) con-

taining 10% fetal bovine serum (FBS; Gibco, USA). Cells

were incubated at 37°C in a humidified incubator with 5%

CO2 and treated with different radiation doses of 4 and 8

Gy. Irradiation dose rate of X-rays was 2.2 Gy/min in the

Irradiation (IR) Center of the Third Affiliated Hospital of

Kunming Medical University.

A549 and XWLC-05 Xenograft Models

and Tissue Cell Suspension
Male BALBc-nu mouse (aging 3–4 weeks old and weight-

ing 10–15g) were obtained from Hunan SJA Laboratory

Animal Company Limited (Hunan, China). All mice were

lacking T cells and kept in a specific pathogen-free (SPF)

animal laboratory of Kunming Medical University. After

7-day adaptive feeding, we concentrated A549 or XWLC-

05 cells at the logarithmic phase and adjusted with PBS to

2×108 cells/mL by Moxi Z mini automated cell counter kit

(Orflo, America). We injected 100ul (2×107cells) A549 or

XWLC-05 cells under the left axillary skin of a mouse.

The diameters of tumors were observed every day (Tumor

volume (cm3)=ab2/2, a: maximum diameter; b: minimum

diameter11). Transplantation tumor mice were killed or

irradiated when tumor volume reached 1cm3 (transplanta-

tion group and irradiated transplantation group). Irradiated

transplantation tumor mice were killed when the tumor
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diameters grew up to 1cm again. Then, Irradiated trans-

plantation tumors were separated and cut into 1mm3. We

injected 2 pieces of irradiated transplantation tumor speci-

mens under the left axillary skin of another 3–4-week male

BALBc-nu mouse by mouse trocars. In this way, we made

residual tumor mice models. Residual tumor mice were

killed on days 0, 7, 14, 21, 28 after tumors reached 0.5cm3.

All tumors were separated and weighted. We had a pre-

experiment to find out the irradiation dose that mouse

models could bear. We tried 4 Gy, 6Gy, 10Gy, 15Gy and

20Gy local irradiation. Because higher doses cause more

significant changes in vitro, we chose 20 Gy to get out-

comes to hypofractionated radiation therapy that would be

more similar to those in humans.

We separated and cut tumors into specimens, and then we

used 0.5% IV collagenase (biosharp, China) at 37°C for 1.5 hr.

After being filtered by sterilized nylon networks (200 mesh,

Huaihe, China), cell suspensions were centrifuged (1000 rpm,

5 min) and resuspended 3 times with phosphate-buffered

saline solution (PBS, Hyclone, USA). Red blood cells were

removed with 7μm pre-separation filter (Mitenyi Biotec

GmbH, Bergisch Gladbach, Germany). In this way, we

made tissues into cell suspensions for flow cytometry. All of

our operations were in sterile environment and instruments

and containers were sterilized also.

The mouse experiments were approved by the ethics com-

mittee of Kunming Medical University. Animal experiments

followed the guidelines for the welfare of the national standard

“Laboratory Animal-Requirements of Environment and

Housing Facilities” (GB 14925-) and conformed to “Yunnan

Administration Rule of Laboratory Animal”. Mice were ran-

domly assigned into transplantation group, irradiated trans-

plantation group, and residual tumor 0-, 7-, 14-, 21-, 28-day

groups, with 5 mice in each group.

Cell Proliferation Assay
The cell proliferation was detected by the Cell Counting

Kit-8 (CCK8, Dojindo, Japan) assay at 24, 48, 72, 96, 336,

360, 384, and 408 hr after 4 Gy and 8 Gy irradiation. The

cells were seeded in a 96-well plate at a density of 3 × 103

cells per well.

Briefly, 20 μL of the CCK8 solution (5 mg/mL) was

added to each well, and the cells were incubated for

another 4 hr at 37°C. The optical density was measured

at 450 nm using a microplate reader (Bio-Rad, Hercules,

CA, USA). The viability index was calculated as the

experimental OD value/the control OD value. Three inde-

pendent experiments were performed in quadruplicate.

Colony Formation Assay
To analyze colony formation, single cells were plated in

a 10 cm dish before 0, 0.5,1, 2, 4, 6, and 8 Gy 6MV X-ray

irradiation. The number of cells was 100, 100, 200, 400,

1000, 4000, and 8000, respectively. The cells were removed

after being cultured under a static condition for 13 days. The

colonies containing 50 or more cells were counted. Colonies

were fixed with 99% methanol for 30 min and then stained

with 0.1% crystal violet for 20 min. SF (surviving fraction) =

Number of colonies/(cells inoculated × plating efficiency).

We used SF to calculate D0 (mean lethal dose) and α/β of

cells by single-hit multitarget model and liner quadric (LQ)

model.

Cell Apoptosis Analysis by Flow

Cytometry
An annexin V-FITC ̸ PI double staining assay (BD, USA)

was used to detect the apoptosis of A549 and XWLC-05

cells 12, 24, 48, 96, and 192 hr after 4 Gy and 8Gy

(respectively) 6MV X-ray irradiation. The cells were

washed twice with cold PBS and then resuspended in

Annexin V Binding Buffer at a concentration of 1 × 106

cells/mL. Then, 100 μL of the solution (1 × 105 cells) was

transferred to a 5 mL culture tube.

Next, 5 μL of FITC-annexin V and 5 μL PI were added

with gentle vortexing and incubation for 15 min at room

temperature (25°C) in the dark. Then, 400 μL of Binding

Buffer was added to each tube and analyzed by flow cyto-

metry within 1 hr, so as in tumor suspensions.

Cell Cycle Analysis by Flow Cytometry
Attached cells were harvested at 12, 24, 48, 96, and 192 hr

after 4 Gy and 8 Gy radiation for cycle measurement using

DAPI (SYSMEX PARTEC Germany). The cells were

washed twice with cold PBS and 1 mL of DAPI was

added to each tube and analyzed by flow cytometry within

1 hr, so as in cell suspensions of tumor tissues.

CD44 and CD133 Surface Expression by

Flow Cytometry
Attached A549 cells and XWLC-05 cells were collected at

12, 24, 48, 96, and 192 hr after either single 4 Gy or 8 Gy

irradiation for CD44 and CD133 surface expression detec-

tion. For CD133 staining, 1 × 106 cells were stained with 20

μL CD133 mouse mAb (CST, USA). The antibody was

incubated for 60 min at room temperature in the dark.

Then, 2.5 μL of anti-mouse IgG Fab2 Alexa Fluor (R) 647
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Molecular Probes were added. The antibody was incubated

for 30 min at room temperature in the dark. Then, samples

were washed 3 times with PBS. For single CD133 staining of

tumor tissue suspension cells, we put 20ul Human CD133

PE-conjugated Antibody (R&D, USA) into 1 × 106 cells

(100ul) tumor suspensions for 30 min at RT, then samples

were washed for 3 times with PBS.

For CD44 staining, 1 × 106 cells were stained with 20

μL Hu CD44 APC G44-26 (BD, USA) and incubated for

30 min at RT in the dark. The samples were washed 3

times with PBS, so as in tumor tissue suspension cells for

single CD44 staining.

For CD133 and CD44 co-staining of tumor tissue sus-

pension cells, we put 20ul Human CD133 PE-conjugated

Antibody (R&D, USA) and 20ul Hu CD44 APC G44-26

into 1 × 106 cells (100ul) tumor suspensions for 30 min at

RT, then samples were washed for 3 times with PBS. All

stained samples analyzed by flow cytometry (Beckman,

USA) within 1 hr.

Cell Migration Assay
The cell migration was measured using a transwell assay 24,

48, 96, and 192 hr after either single 4 Gy or 8 Gy radiation.

Irradiated A549 and XWLC-05 cells were seeded in trans-

wells (Corning Incorporated, NY, USA) at a density of 6 ×

104 cells/well. Cells with 200 μL of RPMI1640 supplemen-

ted with 10% fetal bovine serum (FBS; Gibco, USA) were

incubated for 24 hr at 37°C. Cells were fixed via incubation

with 100% methanol for 30 min and stained with 0.1%

crystal violet for 20 min. Migrated cells on the lower sur-

face of the filter were counted per filter in random micro-

scopic fields at a 40-fold magnification. The reported values

are the means of three independent experiments.

Western Blot Analysis
The cells were harvested at 12, 24, 48, 96, and 192 hr after

either single 4 Gy or 8 Gy irradiation and transplantation

group, irradiated transplantation group, residual tumor 0-,

7-, 14-, 21-, 28-day group tumors respectively used in

RIPA lysis buffer (Solarbio, China). The protein was

collected at 12,000 rpm and 4°C. Proteins were resolved

on 8% SDS polyacrylamide gels, transferred onto nitro-

cellulose membranes, blocked with 5% nonfat dry milk,

and then incubated with the primary antibodies: 1:1000

for p53 (Elabscience, China), 1:1000 for PCNA (2586s,

CST, USA), 1:1000 for MMP2 (4022s, CST, USA),

1:1000 for MS-ku80 (Ab119935, abcam, USA), 1:1000

for KU70 (D10A7)(4588s, CST, USA), 1:1000 for ATK

(Pan) (4691s, CST, USA), 1:1000 for P-AKT (Thr308)

(5106S, CST, USA), 1:1000 for P-AKT (Ser473) (12694s,

CST, USA), 1:1000 for DNA-PKCS (123113, CST, USA),

1:3000 for GAPDH (Elabscience, China) and 1:2000 forβ-

actin (AF0501, Elabscience, China). The membrane was

incubated with primary antibody overnight at 4°C. The

blots were washed with 1% PBST and then incubated with

rabbit-anti goat IgG (SAB) or goat anti-rabbit IgG (SAB)

conjugated to horseradish peroxidase for 2 hr at room

temperature. The immunoreactive protein bands were

developed by enhanced chemiluminescence, and the

immunoreactive bands were analyzed by a densitometer.

Statistical Analysis
The data are depicted as the mean ± SD for normal

distribution parameters and the median for non-normal

distribution parameters. The multivariate analysis of var-

iance for normal distribution parameters and Kruskal–

Wallis H text for non-normal distribution parameters was

used to compare independent samples. All analyses were

performed on SPSS 22.0, and differences were considered

significant if p < 0.05.

Results
Different Effects on Cell Proliferation and

Apoptosis of Residual A549 or XWLC-05

Cells During Radiation
We calculated SF (SF (surviving fraction) = Number of colo-

nies/(cells inoculated × plating efficiency)); then, we used SF

to calculate D0 (mean lethal dose) by single-hit multitarget

model (S=extrapolation number×e−k×Dose) and α/β of cells by

and liner quadric (LQ) model (BED=n×dose×[1+dose/(α/β)]).

With the increasing radiation dose, SF decreased gradually.

The survival fraction of A549 cells was higher than that of

XWLC-05 cells in vitro (Figure 1A). D0 is a reflection of

radiosensitivity in cells. Higher value of D0 means worse

radiosensitivity. D0 of A549 cells was 3.224Gy while

XWLC-05 cells were 2.447Gy, A549 cells have worse radio-

sensitivity than XWLC-05 cells. Radiation causes reversible

sublethal damage in cancer cells, less value of α/β represents

the ability to repairing cell sublethal damage is better. The α/β

of A549 is 19.92 while XWLC-05 is 9.18.

Radiation suppressed the proliferation of A549 cells and

XWLC-05 cellswithin 96hr in a time-dependentmanner. There

were no significant differences in the proliferation between the 8

Gy radiation and 4 Gy radiation (p>0.05, Figure 1B and C).
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In vitro, radiation made the volumes of tumors decreased for

several days, then it increased again.XWLC-05 tumors grow faster

than A549 cell tumors before and after irradiation (Figure 1D).

A549 transplantation group (0.196, p=0.000) and A549 residual

and tumor group (0.075, p=0.033) have statistical differences with

XWLC-05 residual and tumor group (0.547).

There were no statistical differences in every vivo A549

and XWLC-05 groups (p>0.05). However, there had been

statistical differences in total (A549 plus XWLC-05) irra-

diated transplantation group (10.305) with transplantation

group (29.625, p=0.018) and residual tumor 0-day group

(30.224, p=0.007). Moreover, there had been statistical dif-

ferences in residual tumor 0-day group (30.224) with residual

tumor 28-day group (13.7, p=0.043). This suggests that A549

and XWLC-05 tumor cell apoptosis rates increased after

irradiation and then decreased to baseline during 0–7days

after residual tumor reached 1cm3.

In vivo and vitro, A549 and XWLC-05 tumor cell apop-

tosis rates increased after irradiation (Figure 1E–G). The cell

apoptosis rates of the two irradiated groups were increased

after radiation and was higher with 8 Gy radiation than 4 Gy

radiation. The highest cell apoptosis rate in A549 cells and

XWLC-05 cells was seen at 192 hr and 48 hr after radiation.

48-h group (8.56) presented a statistical difference with 192h

group (18.4950, p=0.041) after irradiation. In vivo, A549

and XWLC-05 tumor cell apoptosis rates increased after

irradiation. However, there were no statistical differences in

the similar tumor groups (P>0.05).

Different Effects on Cells Cycle of

Residual A549 or XWLC-05 Cells During

Radiation
The effect of radiation on the cell cycle was assessed using

a DAPI assay. The cell cycle of A549 and XWLC-05 cells

(Figure 2A) and cell suspensions of tumor tissues (Figure 2B)

were changed to different degrees after radiation.

G1, S, G2/M phase of 4Gy and 8Gy presented no statis-

tical differences (P>0.05) in XWLC-05 and A549 cells. The

proportion of G1 phase in A549 and XWLC-05 increased at

first. Compared with the unirradiated control group, the

proportion of G2/M phase in irradiated A549 and XWLC-

05 cells was increased after radiation. The highest proportion

of G2/M phase in A549 cells was observed 12 hr after 8 Gy

radiation (P<0.05), but in XWLC-05 cells, the highest peak

of G2/M phase was observed 48 hr after 8 Gy radiation

(P<0.05). Considering time point affection, 192-hr group

(16.3) presented statistic difference with 48-hr (19.51,

p=0.049) or 96-hr group (21.28, p=0.034) after irradiation.

Figure 1 Cell proliferation and apoptosis of residual XWLC-05 higher than A549 cells. (A) survival fraction of A549 cells and XWLC-05 cells. (B) Proliferation viability of

A549 and XWLC-05 cells. (C) Cell viability of XWLC-05 cells after 4Gy and 8Gy irradiation. (D) Tumor volumes of A549 and XWLC-05 cells. (E) Apoptosis rate of A549

cells. (F) Apoptosis rate of XWLC-05 cells. (G) Apoptosis rate of A549 and XWLC-05 tumors.
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Highest peak of G2/M phase may occur at 96h after

irradiation.

In vivo, the percent of G1, S, G2/M phase cells of

XWLC-05 and A549 tumor increased after irradiation

had no statistical differences (p=0.213). G1, S or G2/M

phase cells of different time presented no statistical differ-

ence after irradiation (p≥0.05).

Differences in Stem Cells of XWLC-05 or

A549 Cells During Radiation
CD44 and CD133 are biomarkers of lung cancer stem

cells. CD44 or CD133 expression in A549 cells and

XWLC-05 were increased with time (Figure 3A–F).

The percentages of CD44+ or CD133+ cells in 8-Gy

groups were higher than 4-Gy groups, but there are no statis-

tical differences between every group (P>0.05) (Figure 3A–

D). The percentage of CD44+, CD133+ and CD444+CD133+

cells (Figure 3E and F) in XWLC-05 tumor increased after

irradiation while A549 group increased little; however, there

are no statistic differences between every vivo A549 and

XWLC-05 groups (p>0.05). CD44+ cells has statistic differ-

ences between transplantation group (18.7150) and irradiated

transplantation group (2.6645, p=0.034), CD133+ cells have

statistic differences between irradiated transplantation group

(3.3860) and residual tumor 0-day group (15.795, p=0.034).

But there have been no statistical differences between CD44

+CD133+ cells. Considering CD44+CD133+ cells were more

representative than CD44+ or CD133+ cells, these results

suggest a greater possibility that differences in stem cells of

vivo XWLC-05 or A549 Cells during radiation may not

be significant.

Differences in Migration Ability of Residual

A549 or XWLC-05 Cells in vivo
The migration ability of A549 and XWLC-05 (Figure 4A

and B) cells was changed after radiation in a time-dependent

manner. The migratory ability of A549 cells was stronger than

that of XWLC-05 cells during 24 to 96 hr after 4 Gy

radiation. A 336 hr after 4-Gy or 8-Gy radiation, the migratory

ability of XWLC-05 cells was stronger than that of A549 cells.

Themigratory ability ofXWLC-05 cells andA549 cells after 8

Gy radiation was significantly weaker than 4 Gy radiation at

336 hr after radiation. Themigration ability of residualA549 or

XWLC-05 cells was increased in vivo, but because of there

Figure 2 Cell cycle of residual XWLC-05 and A549 cells has little differences. (A) Cell cycle of A549 and XWLC-05 cells. (B) Cell cycle of of A549 and XWLC-05 tumor

tissues.
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different time rhythm, there were no statistical differences at

every time point.

P53/PI3K/AKT Ability of Residual A549

or XWLC-05 Cells in vivo and vitro
The unirradiated and irradiated A549 and XWLC-05

cells were collected 12, 24, 48, 96, 192 and 336 hr

after radiation. The changes in PCNA expression were

not consistent with the proliferation of A549 and

XWLC-05 cells after radiation. The expressions of p53

in the irradiated A549 and XWLC-05 groups were con-

sistent with the changes of cell apoptosis. The unirra-

diated and irradiated A549 and XWLC-05 cells were

collected 12, 24, 48, 96, 192 and 336 hr after radiation.

MMP-2 might regulate metastasis ability of XWLC-05

and A549 cells in vitro. PCNA, P53 may play important

roles in proliferation of vitro residual XWLC-05 and

A549 cells within 336 hr in vitro. The expression of

MMP-2, PCNA, P53 has no statistical differences at

every group (p>0.05). PCNA, P53, MMP2 raised after

irradiation and then decreased. PCNA, P53, MMP2

reached highest at 192h (1.15), 24h (1.27) and 24h

(1.00) (Figure 5A–D).

PCNA has no statistical differences at every time point

in vivo. AKT has statistical differences at every time point

in vivo. DNA-PKCS may take a more important role than

KU70 and KU80 in DNA damage repair in vivo. MMP-2

might regulate metastasis ability of XWLC-05 and A549 cells

in vivo (Figure 5E and F). Pan AKT increased after irradia-

tion, and residual tumor 21-day group (1.5722) has statistic

differences between transplantation group (0.9763, p=0.018)

and irradiated transplantation group (0.8455, p=0.006). pAkt

(thr380) and pAkt (ser407) have no statistical differences at

every time point. MMP2 has statistical differences between

transplantation group (0.4619) and residual tumor 14-day

group (0.8729, p=0.043). P53 has statistical differences

between residual tumor 7-day group (0.6184) and residual

tumor 28-day group (1.0394, p=0.007). P53 pathway may

regulate tumor apoptosis by PI3K/AKT pathway after irradia-

tion in vivo. DNA-PKCS has statistic differences between

residual tumor 28-day group (1.1769) with transplantation

group (0.2483, p=0.010), irradiated transplantation group

(0.1983, p=0.002) and residual tumor 21-day group (0.2017,

p=0.003), residual tumor 0-day group (0.5992) with irradiated

transplantation group (0.1983, p=0.027) and residual tumor

21-day group (0.2017, p=0.002). KU80 and KU70 have no

statistical differences at every time point.

Figure 3 Differences in stem cells of XWLC-05 or A549 cells during radiation. (A) CD44 expression in A549 cells with time after 0, 4, 8 Gy irradiation. (B) CD44

expression in XWLC-05 with time after 0, 4, 8 Gy irradiation. (C) CD133 expression in A549 cells with time after 0, 4, 8 Gy irradiation. (D) CD133 expression in XWLC-

05 with time after 0, 4, 8 Gy irradiation. (E) CD444+ and CD133+ cells in irradiated transplantation group A549 and XWLC-05 tumors. (F) CD444+CD133+ cells in

irradiated transplantation group A549 and XWLC-05 tumors.
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Discussion
This is the first study to compare the biological behavior and

molecular biology between Xuanwei lung adenocarcinoma

XWLC-05 and normal lung adenocarcinoma A549 cell

in vitro after radiation. In our study, we found that the

capacity of cell proliferation and radiosensitivity of residual

XWLC-05 cells were better than A549 cells after radiation

in vivo and vitro. MMP-2might regulate metastasis ability of

XWLC-05 and A549 cells in vitro and vivo. PCNA, P53may

play important roles in proliferation of residual XWLC-05

and A549 cells within the first 336 hr after irradiation in vitro.

PCNA has no statistical differences at every time point

in vivo. AKT plays an important role in vivo cells prolifera-

tion. DNA-PKCS may take more important role than KU70

and KU80 in DNA damage repair in vivo. Some researchers

have found that the proliferation and migration potentials of

cancers (cervical cancer C33A and CaSki cells,12 colorectal

cancer SW480, SW620 and HCT116 cells,13 hepatocellular

carcinoma MHCC97L, HepG2, Hep3B and Huh7 cells,14

glioblastoma U87 cells,15 glioma U251 cells,16 and tongue

squamous cell carcinoma Tca-8113 cells4) were enhanced

after radiation. p53 promotes apoptosis and regulates cell

cycles in response to cellular stress signals. Transcriptional

activation by p53 is critical for the induction of apoptosis.17

Transcriptional activation by p53 upregulates BAD during

DNA damage-induced radiation. p53 can translocate from

nucleus into cytoplasm and interact with BAD. p53 translo-

cates to mitochondrial outer membrane and increases its

Figure 5 P53/PI3K/AKT Ability of Residual A549 or XWLC-05 Cells in Vivo. (A) Western blot of A549 and XWLC-05 cells. (B) Expression of PCNA. (C) Expression of

P53. (D) Expression of MMP2. (E) Western blot of A549 and XWLC-05 tumors. (F) Expression of P53 of pan AKT, DNA – PKCS, MMP2, Ku70, Ku80 and P53 changed little.

PCNA, p-AKT (Thr308) and p-AKT (ser473) in A549 and XWLC-05 tumors.

Figure 4 Differences in migration ability of residual A549 or XWLC-05 Cells in vivo. (A) Migration ability of A549 cells. (B) Migration ability of XWLC-05 cells.
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permeability, inducing cell apoptosis.18 Targeted therapies

for p53-deficient genotype lung cancer are feasible and

significant.19 In our study, we found that after radiation p53

expression in XWLC-05 and A549 cells was enhanced,

which was consistent with the cell apoptosis observed after

radiation. PCNA, due to its role in proliferation, has been

widely used as a tumor marker for cancer cell progression

and patient prognosis.20–22 Our study found that the PCNA

expression in A549 cells decreased below the unirradiated

control levels after radiation, whereas 192 hr after radiation,

the PCNA expression in A549 cells was enhanced. The

change of PCNA expression in A549 cells was not comple-

tely consistent with cell proliferation, which was suppressed

12 to 336 hr after radiation. The change of PCNA expression

in XWLC-05 cells was not consistent with the proliferation

of XWLC-05 cells, which was suppressed within 96 hr after

radiation and increased 360 hr after radiation. It is well

known that proteins can be expressed in different parts of

the cell. Different protein expression sites in cells have

different effects on cell biological behavior. Proliferation of

lung adenocarcinoma cells after radiation was not consistent

with the changes in PCNA expression.

CSCs are known to be radiation resistant and chemore-

sistant. CSCs also cause tumor metastasis and relapse.

Surface markers of CSCs are expressed in a variety of

human malignant tumors, including tumors of the lung,

colon, pancreas, brain, breast, and others.23–27 In our

study, we detected the expression of CD133 and CD44.

We found that the expressions of both CD133 and CD44

on A549 and XWLC-05 cells were increased after radia-

tion, but the percentages of CD133+ or CD44+ of A549

cells were not obvious change after radiation in vivo and

vitro. The rates of CD44+ or CD133+ in 8-Gy groups were

higher than 4-Gy groups. Further, the percentage of

CD444+ and CD133+ cells in irradiated transplantation

group XWLC-05 tumor cells presented a statistical differ-

ence (P<0.05) compared with A549 tumor cells. Mi Hyun

Kim et al28 reported that the expressions of CD133 and

CD44 in human breast cancer cells were increased after

irradiation. Glioblastoma multiforme, after 50 Gy irradia-

tion, displayed increased proliferation infiltration, and

migration in mouse models, and cancer stem cell marker

CD44 expression was enhanced.29 Some studies have

found that increased expression of CD44 is associated

with poor disease progression and poor prognosis in

none small cell lung cancer.30 Clinical studies have

found that the expression of CD133 in residual cancer

cells after chemoradiotherapy is associated with distant

recurrence and poor DFS.31 In our study, CD44 and

CD133 expressions were not with migration of lung ade-

nocarcinoma cells after radiation. In fact, the main effect

of radiation is to kill the common cancer cells, but less to

the tumor stem cells, so the proportion of cancer stem cells

was relatively increased in the short term after radiation.

The proliferation and differentiation of cancer stem cells

lead to an absolute increase in the proportion of cancer

stem cells in the long term after radiation. The CD133 and

CD44 expressions of lung adenocarcinoma cells were sig-

nificantly increased after radiation, which was correlated

with cell migration.

Irradiated XWLC-05 cells showed higher metastatic

than A549 cells in vitro, MMP-2 may connect with metas-

tasis protein of residual XWLC-05 and A549 cells in our

study. The migratory ability of cancer increased after radia-

tion, not only in vitro but also in the clinical study.

Radiotherapy of advanced carcinomas of the bladder and

the uterine cervix led to increased metastatic disease.32,33 In

contrast to other studies, we found that the proliferation and

metastatic potential of residual tumors was decreased at first

and then increased. Our result is consistent with Li Tao’s

study,34 which found that the migration ability of hepato-

cellular carcinoma is decreased at first and then increased.

Li Tao also found that the metastatic potential of the resi-

dual hepatocellular carcinoma was dependent on dose.

However, in our study, we did not observe this phenom-

enon. As liver cancer cells and lung cancer cells have their

own characteristics, the migration response to radiation and

dose may be inconsistent. Speake35 found that the expres-

sion of MMP was increased in rectal cancer cells (HT1080

and HCT cell lines) after radiation. Cheng’s14 study also

demonstrated a radiation-enhanced invasion capability in

HCC cells through upregulation of MMP-9, which they

hypothesized was correlated with metastasis due to radio-

therapy in clinical practice. In our study, we found that

radiation induced a temporary increase in the expression

of MMP-2 in A549 and XWLC-05 cells. Whereas 336 hr

after radiation, the expression of MMP-2 in A549 and

XWLC-05 cells decreased to unirradiated control levels.

The change in the expression of MMP-2 was significantly

inhibited within 96 hr after radiation and increased 336 hr

after radiation. Li Tao’s study34 found that the expression of

MMP-2 in hepatocellular carcinoma was inconsistent with

the migration potential. The migration of the tumor may be

also affected by other factors, such as E-Cadherin, nm23,

VEGF and so on, and the distant metastasis of adenocarci-

noma may be more closely related to angiogenesis factors.
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The changes in cell cycle in residual XWLC-05 and

A549 cells were no significant differences. Shuning

Yang36 reported that the highest rate of A549 cells

arrested in G2/M phase was seen 48 hr after radiation,

which then gradually reduced. In our study, A549 and

XWLC-05 cells were arrested in G2/M phase after radia-

tion, but the proportion of G2/M phase was decreased

over time and was eventually even lower than that of the

unirradiated control. However, we found that the highest

proportion of G2/M of A549 was seen 12 hr after radia-

tion, but that of XWLC-05 was seen 48 hr after radiation.

These results were not completely consistent with

Shuning Yang’s study, because there are some differences

between the experimental conditions and experimental

time points. In vivo, there are no statistical differences

between two kinds of cells after irradiation. This phe-

nomenon due to the time of testing cell cycle was too

long to seen significant radiogenic changes of cell cycle.

XWLC-05 cells had better abilities of cell proliferation

and metastasis than A549 cells after radiation. XWLC-05

cells also had higher radiosensitivity than A549 cells. It

suggests that hyperfraction radiotherapy can be considerer

to reduce radiation damage to normal tissues and increase the

death of the Xuanwei adenocarcinoma cancer cells.

Sufficient treatment should be ensured to kill more stem

cells of Xuanwei adenocarcinoma cancer. Treatments, such

as chemotherapy, radiotherapy, surgery, targeted therapy,

biotherapy which inhibit Xuanwei lung cancer metastasis

should be considered for suitable Xuanwei lung cancer

patients in early stages. Our study is not sufficient about the

proteins and pathways of biology behaviors in XWLC-05

and A549 cells after radiation. But the time of delivery

radiotherapy should prolong enough to resist cancer cell

proliferation. Pathway inhibitor combines with radiotherapy

should be used at a reasonable time which may improve the

effect of pathway inhibitor combine with radiotherapy.

Pathway inhibitor combines with radiotherapy should be

used at a reasonable time which may improve the effect of

pathway inhibitor combine with radiotherapy. More explora-

tion and study regarding the proteins and pathways asso-

ciated with proliferation and migration after radiation.

Conclusion
Those results show systematic biological differences and

changes after radiation between XWLC-05 cells and A549

cells. Different time has different protein take faction.

MMP-2 might regulated metastasis ability of XWLC-05

and A549 cells. PCNA, P53 may play important roles in

proliferation of residual XWLC-05 and A549 cells within

the first 336 hr after irradiation in vitro. After that, P53

may through PI3K/AKT pathway regulate cell prolifera-

tion after irradiation in vitro. DNA-PKCS may play a more

important role in DNA damage repair than KU70 and KU

80 after 336 hrs in vitro. Time rhythm of radiotherapy

should be paid more attention to resist cancer cell prolif-

eration and metastasis. Enough time of radiotherapy

should be delivered.
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