W EZE G KPR 2026 4E 6 H 45 47 45 6 1) https ://xuebao.smmu.edu.cn
e 778 - Academic Journal of Naval Medical University, Jun. 2026, Vol. 47, No. 6

DOI: 10.16781/j.CN31-2187/R.20240813 . % % .

AEETIL FHXT Lewis fifE/\RARZIMEAALER . RENZIT

Ruped', k&AM, 2 B8 & W, M, sEEY
1 e S BeRo A B, 3K 51T 075000
2. T A A I B S S A O P 5 i AR 2R, LB 100048

[(WE] a4 WEATEEEARRIEEX Lewis il (LLC) /NG MBI MTR . 1228 R Fe 11 5%
Wi, R HAE LG . ek CSTBL/ON MEME/NR 24 H, B2 RN LLC 40 E S A AR RaA iRy, 15 b (AR A s
70 mm’ B, FEBEHLECE RIS A X ELL (BC 41) . F RG] (Sham 41) . AE@B kR4l (ICA 4) &
SEAVRURTEREZE (CA 41) , B4 6 H. ICA HTHRAZ 70% M4, 155 30% 5 ATk, CA 411758 8 R fl,
Sham A ZEFIAS T fll, BC AAMATAT- T, THLHEE 3 d B2 T H-B Y M ELFE kL Bk AR IR 412,
SR FH R F 0 08 3 A0 6 55 4 2 U O (MIMIPO ) 3k /K5 73 B sk A g SR AR 4 i, 3 3 KR 5256 . Transwell
TR MBS 0, 24, 48 W4T 5RZBRE T, 4 F MINMWENTE B EHEA LLC /NS, TCA 4
INEUIT AL ] WA R i R b, AR AR WA RS 5 1CA 4R 2140 MMPY 3 157K F- 55 F BC 401 Sham 41 (35 P<
0.01) . AEINFESLIS W R, 24, 48 hif ICA AR AN ITERE R . RZE R T BC A M Sham 41 (3 P<0.05) .
i RNERTAR RN LLC /N MR TR . (22ER8 SRR, HALHIT 68 L MMP9 %
br.Y P

[XEIR] NSRRI Lewis lifia; MR, HMEeEEAM 9; T/, %

[SIAARS] BB, sK&EM, X, 5. A2 AR RIERA Lewis il /N USRI 41 i 5% . (R281005¢
Wi [J]. 425 E Koo, 2026, 47 (6) @ 778-784. DOL: 10.16781/.CN31-2187/R.20240813.

Effects of incomplete argon-helium cryoablation on tumor migration and invasion in a mouse model of Lewis lung cancer
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[ Abstract | Objective To observe the effects of incomplete argon-helium cryoablation on migration, invasion and
pulmonary metastasis of residual tumor cells in a Lewis lung carcinoma (LLC) mouse model, and to preliminarily explore
the underlying mechanism. Methods A total of 24 female C57BL/6N mice were subcutaneously injected with LLC cells
to establish xenograft models. When the tumor volume reached approximately 70 mm’, mice were randomly assigned to 4
groups: blank control group (BC group), sham-operation group (Sham group), incomplete cryoablation group (ICA group),
and complete cryoablation group (CA group), with 6 mice in each group. The ICA group received approximately 70% tumor
ablation with 30% residual tumor; the CA group underwent complete cryoablation; the Sham group received needle puncture
only without ablation; and the BC group received no intervention. Mice were euthanized 3 d post-treatment. Lung tissues
were harvested for hematoxylin-eosin staining to detect metastatic foci. Residual tumor tissues were collected for Western
blotting analysis of matrix metalloproteinase 9 (MMP9) expression. Primary tumor cells were isolated, and scratch assay,
Transwell migration and invasion assays were performed to evaluate cell migration and invasion abilities at 0, 24 and 48 h.
Results The incomplete cryoablation LLC mouse model was successfully established. Pulmonary metastatic foci were
observed in the ICA group but not in the other 3 groups. The expression level of MMP9 in the ICA group was significantly
higher than that in the BC and Sham groups (both P<<0.01). Cell function assays showed that the migration and invasion rates
of primary cells in the ICA group were significantly higher than those in the BC and Sham groups at 24 and 48 h (all P<<0.05).
Conclusion Incomplete argon-helium cryoablation enhances migration and invasion abilities of residual LLC tumors and

promotes pulmonary metastasis, which may be associated with upregulated MMP9 expression.
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Fig1 Establishment and validation of an ICA mouse model

A: Gross appearance of mice in each group; B: Infrared thermal imaging monitoring of tumor temperature profiles in each group;

C: Hematoxylin-eosin staining of tumor tissue in each group. ICA: Incomplete cryoablation; BC: Black control; Sham: Sham-

operation; CA: Cryoablation.
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Fig2 ICA promoted pulmonary metastasis and upregulated MMP9 expression in LLC mice
A: Gross map of lung tissue of mice in each group; B: Hematoxylin-eosin staining of mouse lung tissue in each group; C: Western
blotting detection of MMP9 content in residual tumor cells in each group and quantitative diagram of each group of Western blotting.
"P<0.01. n=3, x*s. ICA: Incomplete cryoablation; LLC: Lewis lung cancer; MMP9: Matrix metalloproteinase 9; BC: Black
control; Sham: Sham-operation; CA: Cryoablation.

FERFE ICA FEHE R AL RS 0L, >R RURAA R8T BC 411 Sham 4 (#4 P<<0.05) ,
FHEE 1157 B3 VA AG I 45 20 I gg ZH b MMPO 196 Tl BC 25 Sham 4745 I 8] i H A 22 ¥ 0481t
ko ZER TR, 5BCA M Sham 2 AH I, ICAZH Y (¥ P>0.05) . WK 3.
MMP9 & 15K T (¥ P<0.01, K 2C) ; Transwell I 578 IA5R (K 4) R,
BC 415 Sham 41[01] MMP9 {3 kK F 2R HHIT  ICA 4L MR AnMu ) ZE A J135i . 5 BC 41,
RN (P>0.05) o TR S5HE12# 0% Sham 4L, ICA Z4HAE7E 24 h Al 48 h EFE4H
iR, 8 ICA VI RBIE AT LA MMP9 #6360 OECRZ 22 AN B 3% m (¥ P<<0.05) ;5 1fif BC
HERR AR IR KA 1R R SR 215 Sham A 7E4 BRI TR . (RI80ET1 £ 5
23 ICA¥hmaRAIvEmiasy it B 5424w 4 RS E L (B P>0.05) . D LZ55ERM,
VIR SR R R, 7E859% 24, 48 h 5, ICA 41IH) ICA ATHEFHER A i Al i 2 28 S 5 RS T g



. 782 - WEEERFHR 20264E 6 H, 4547 %

0h 24 h 48 h

801 100

20 pm

(=)

(=]

T
& (o) [es]
(= (= (=
T T T

Migrated rate/%
N
(=)
Migrated rate/%
®

393
(=]
T

=)
o]

=)
@]

(@] @
S %&& \CF' 3 & \CXV

B3 ICAEET/INRERMEBEARNNRESGES
Fig3 ICA increased wound healing abilities of primary tumor cells from mice
A: Scratch experiment; B, C: Quantitative plots of 24 h (B) and 48 h (C). "P<C0.05, "P<<0.01. n=3, x+s. ICA: Incomplete

cryoablation; BC: Black control; Sham: Sham-operation.
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Fig4 ICA enhanced migration and invasion capacities of primary mouse tumor cells

S

A: Representative microscopic images of migrating primary tumor cells stained with crystal violet at 24 h and 48 h; B, C: Quantification
of migrated cells per field at 24 h (B) and 48 h (C), respectively; D: Representative microscopic images of invading primary tumor cells
stained with crystal violet at 24 h and 48 h; E, F: Quantification of invaded cells per field at 24 h (E) and 48 h (F), respectively. "P<<0.05,
"P<0.01. n=3,X+s. ICA: Incomplete cryoablation; BC: Black control; Sham: Sham-operation.
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