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[ Abstract ] Background and objective Lung cancer is one of the highest morbidity and mortality in the world and
it is very important to find an effective anti-tumor method. Microwave hyperthermia, a new treatment technology, has been
getting more and more attention. This study was designed to investigate the effects of microwave hyperthermia combined with
gemcitabine on the proliferation and apoptosis of human lung squamous cell carcinoma (NCI-H1703 and NCI-H2170) in vi-
tro. Methods The proliferation of cells treated with microwave hyperthermia, the effect of gemcitabine on cell proliferation and
the proliferation of cells treated with different methods of microwave hyperthermia and gemcitabine were detected by CCK-8
assay. Colony formation assay was used to measure the colony formation of human lung squamous cell carcinoma cells. Flow
cytometry assay was used to detect the total apoptosis rates of the treated cells. Caspase-3, Caspase-8 activity assay was used to
detect the activity of Caspase-3, Caspase-8 enzyme in each group of cells. CCK-8 assay was used to detect the effect of control
group, AC-DEVD (Caspase-3 inhibitor) group, thermalization combined group, and thermal AC-DEVD combined group on
cell proliferation. The levels of p53, Caspase-3, Cleaved-Caspase-3, PARP, Bax and BCL-2 protein expression were detected
using Western blot assay. Results Our results demonstrated that microwave hyperthermia inhibited the proliferation of lung

squamous cell carcinoma. The IC,values of gemcitabine for the two cells were 8.89 ymol/L and 44.18 pmol/L, respectively.
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The first chemotherapy after microwave hyperthermia has synergistic effect on the two lung squamous cell carcinoma cells and

can significantly inhibit the cell clone formation (P<0.001), promote cell apoptosis (P<0.001) and increase Caspase-3 enzyme

activity (P<0.001). However, it has no effect on Caspase-8 enzyme activity (P>0.0S). Furthermore, Western blot analysis

showed that microwave hyperthermia combined with gemcitabine could up-regulate the p$3, Caspase-3, Cleaved-Caspase-3,

Cleaved-PARP and Bax protein expression. Conclusion Microwave hyperthermia combined with gemcitabine remarkably in-

hibit the proliferation and induce apoptosis of human lung squamous cell carcinoma in vitro. This effect may be associated with

the activation of pS3, cleavage of PARP protein, and induced the Caspase-3 dependent apoptosis.
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Fig 1 The effects of microwave hyperthermia and gemcitabine on the proliferation of two lung squamous cell carcinoma cells. A, B: Effects of

microwave hyperthermia at different temperatures and different times on the proliferation of lung squamous cell carcinoma cells; C, D: Effects of

different concentrations of gemcitabine on the proliferation of lung squamous cell carcinoma cells; E: Diagrams of different sequential methods;

F, G: Proliferation of the two cells in different sequential ways. Compared with the control group, *: P<0.05, **: P<0.01,***: P<0.001; compared with

the gemcitabine group, *: P<0.05, #: P<0.01, ##: P<0.001.
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Fig 2 Microwave hyperthermia in combination with gemcitabine inhibits the clonal formation of both cells. A: Pictures of clone formation; B: The

number of statistical clones under the microscope. Compared with the control group, ***: P<0.001; compared with the gemcitabine group, ##: P<0.001.

% 1 VelerioteiZ#I WK H 75 &= AR A E 7 5 A X B EXINCI-H1703 g #200 (4AAEIETEZ %) (Mean£SD, n=3)

Tab 1 The effect of microwave hyperthermia and gemcitabine to NCI-H1703 by Veleriote method (cell proliferation%)(Mean=SD, n=3)

NCI-H1703 Gem and MW MW then Gem Gem then MW
Gem 78.82+3.43 78.82+3.43 78.82+3.43
MW 74.45+8.03 74.451+8.03 74.45%8.03
MW combined with Gem 72.16£1.65 66.821+8.34 31.85+2.28
Predictive value 57.69+6.53 57.69%6.53 57.69%6.53
TYPE Subadditive Subadditive Synergistic
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Fig 3 The morphological
changes of lung squamous
carcinoma cell lines
Gem Gem+MW

NCI-H1703 (A) and NCI-H2170
(B) were observed under an
inverted microscope (200X)

% 2 Velerioteif FIBT IR 7 5 HEMIERRE F R ARBEEIINCI-H2170 A% 0 (HAIETEZE%) (Mean®SD, n=3)
Tab 2 The effect of microwave hyperthermia and gemcitabine to NCI-H2170 by Veleriote method (cell proliferation%)(Mean=*SD, n=3)

NCI-H2170 Gem and MW MW then Gem Gem then MW
Gem 73.29%2.50 73.29£2.50 73.29%2.50
MW 78.671+3.58 78.671+3.58 78.671+3.58
MW combined with Gem 64.93+5.13 52.05%2.11 24.25+4.30
Predictive value 50.99%1.72 50.99%1.72 50.99+1.72
TYPE Subadditive Subadditive Synergistic
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4 FERPITHA S AftEIS SRR % £ Caspase-3R B MBIAT. A Annexin V-FITC/PIRUEE R R AR N AR M ZEATE B a. b,
o dARIREZFAIR A EATE. Caspase-3iE a4 R, Caspase-8iE{Eia il R K Caspase-3#5I7| (AC-DEVD) 1At & A S 5E #2005 %TRRZEH

EE, *:P<0.05, **:P<0.01, ***:P<0.001; 5&EFEMIEHMLL, * :P<0.001,

Fig 4 Microwave hyperthermia in combination with gemcitabine induces Caspase-3 dependent apoptosis in lung squamous cell carcinoma. A:

Annexin V-FITC/PI double staining flow cytometry was used to detect the total apoptosis rate of the two cells; B: a, b, ¢, d respectively represent

the total apoptosis rate of two cells, Caspase-3 activity results, Caspase-8 activity results and Caspase-3 inhibitor (AC-DEVD) on lung squamous

cell carcinoma cell proliferation. Compared with the control group, *: P<0.05, **: P<0.01, ***: P<0.001; compared with the gemcitabine group, ***:

P<0.001.
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Fig 5 The effects of microwave hyperthermia in combination with gemcitabine
Cleaved-PARP, Bax and Bcl-2 in lung squamous cell carcinoma cells. A: Protein

on the expressions of p53, Caspase-3, Cleaved-Caspase-3, PARP,
electrophoresis; B, C: Columnar analysis of different apoptotic

proteins. Compared with the control group, *: P<0.05, **: P<0.01, ***: P<0.001; compared with the gemcitabine group, * : P<0.05, # : P<0.01, ##*:

P<0.001.
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