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GEEY Bi HF5T 0wk 4 s 40 Sk U5 1 25 DN AT B W40 AR AL AE FH, LU Ak e 240 LK 1 s e g 4
MR FHEMTRREREEM . ik BUREEIIS R O EeIR 4105 A 2L SR AR 304, S5 14 A A 4l 2R A 10431, 1E
WO B AR 106, Eid e A b T | SRR GY EAG IIM2 A B AT A AN TR] 1 s AR S B e o, sE
T bR 4 AR 200 it 2R Cal-27 41 ML A 45 e 1 37 26, S0 I T H2 10N S DNA (cell free DNA, ofDNA) Hilf1745E . FcfDNALL
PR A, SR A MO A5 27 AR Ak, RT-qPCRESMIR ALAH DGR FRZIE KT o FCIDNA U555 i F 40 i S5 1 1 7 S b 3
CAL-27 #ia, RT-qPCRASINH A B PR AR (b K I FLil o )y S0 90 E DN A5 Y L W5 240 O R 42 s AL RS Y BE T o
HR OHIEWOK DS, 5w 8 A0 O b VR 45 40 4 20N E R 6l g R 0T v M2 Y 4 AR A &
(P<0.05), CAL-2740M1/3 4K BELE 10000 ~ 15000 bpficfDNA ., CAL-274M143 W i cfDNA R 75 5 5 W 41 i &5 251k M2
R E WEANMEARIC (P<0.05) . cfDNA AN 05 200 fu 1755 e 40 A 55 2238 e T4 36 18 (P<0.05) |, RIS it 1 ik 4t T
HESI(P<0.05), 5 TRsBRIRAN AR AN IR A cFON A 75 5 B I AT ] M2 b ARt T s A 28 1 R %
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Oral Squamous Cell Carcinoma-Derived Cell-Free DNA Modulates Stemness and Migration of Oral Squamous Cell
Carcinoma Cell Line by Inducing M2 Macrophage Polarization ~ZHENG Shi-ze"*, MENG Lin"?, REN Fei-long"*, REN
Chun-xia>*, LI Xing"?, WANG Dan-dan">, SUN Hong—chenl’m. 1. Department of Pathology, Hospital of Stomatology, Jilin
University, Changchun 130021, China; 2. Jilin Provincial Key Laboratory of Tooth Development, Jaw Bone Remodeling and
Regeneration, Changchun 130021, China; 3. Department of Periodontology, Hospital of Stomatology, Jilin University,
Changchun 130021, China
A Corresponding author, E-mail: hcsun@mail jlu.edu.cn

[ Abstract] Objective To investigate the effect of oral squamous cell carcinoma (OSCC)-derived cell-free
DNA (cfDNA) on the polarization of macrophages and the regulatory effect of polarized macrophages on the stemness
and migration of OSCC cells. Methods A total of 30 OSCC tissue samples, 10 dysplastic oral tissue samples, and 10
normal oral tissue samples were collected. The status of all tissue samples was confirmed by pathology analysis.
Immunohistochemical (IHC) staining and immunofluorescence (IF) staining were performed to examine the cell count
and location of M2 macrophages in different types of oral tissue samples. The conditioned medium (CM) of OSCC cell
line CAL-27 from the human tongue was collected and the cfDNA was concentrated and isolated for identification. The
macrophages were treated by cfDNA and their morphological characteristics were observed under microscope. The
expression levels of polarization-related indicators were determined by RT-qPCR. CAL-27 cell line was treated with
macrophage CM induced by cfDNA and the expression levels of stemness-related genes were determined by RT-qPCR.
Scratch-wound assay was conducted to verify that the migration ability of CAL-27 was modulated by macrophages
induced by cfDNA. Results There were more M2 macrophages in the deep connective tissue of dysplastic oral
epithelium and the stroma of OSCC compared with those in the normal oral tissues (P<0.05). OSCC cell line CAL-27
could secret cfDNA of 10000-15000 bp in length. cfDNA secreted by CAL-27 could induced in macrophages significantly
higher expression of M2-macrophage-related genes (P<0.05). cfDNA-treated macrophages induced significantly increased
expression of stemness-related genes in CAL-27 cell line (P<0.05) and promoted the migration ability of CAL-27 cell line
(P<0.05). Conclusion OSCC-derived ¢fDNA promotes stemness and migration of OSCC cell line by inducing M2
macrophage polarization.

[ Key words] Tumor-associated macrophage Oral squamous cell carcinoma Cell-free DNA

Polarization Stemness
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1= 5 IR 20 Bt 9% (oral squamous cell carcinoma,
OSCC) i FEHEY90% LA b, Ja Sk 2550 5 5 DL A R e
gz e T A ERERAEHTZ 300 000441, 30% ~
35% T RE T IR IR AL K, Horb20% 1 /A IR A S T
OSCC™, i T H & KA A, BH AR ARRAR
F50%"*1. OSCCIRYY Ir AL T ARG | AL F25¥ia
7 AT UL AR RS ABAET 5 204F b, SUARZE
FERIIA WL, 1RYTOSCCAIAR 2 — A R DL
I PR a8, AyEg 1% 3R (tumor microenvironment, TME)
A5 SR BT A« O 20 R S AR, b % S
240 BRI A I A e b R AR A E . A BT IR L
PRI IR S A A S A AR A R T IF AT IR TR
W& SR, TMEfs; 3 5751 H AL Tah 48 kb, BRI A9 4
P2 2 A A 14 5 0 DR 20 B v o LA A L i
I8 FH 5 F A (tumor-associated macrophage, TAM) /&
Jif 96 R 5 b S A G A M, B e ML B R
M2 T AMAE I P A7, MOUFTV2.Z0 0 SI0 R 5of i 1) A
[F) VT B4 5 M0 e 8 S22 B TR 7 SR

WAk, W7 B DNA (cell-free DNA, cfDNA) #E A T K
HEBE 2= B U HAZ B #1106 . fDNAJEFRAT
FE TSI | i LK Al A T DN A Fr B .
I DNAYER —Fi e AR AMAREY 2 0 T 76
Kt | i Ied 12 W RIS PPA LKA B Ik 58 e s | 2
V3%, FLAE19484EMENDELFIMETALS 1 YR AE IfL 3 &
W T fDNA, Fi 5, cfDNATE Z FioE kg rh 307 & BE,
FEREH Tl R SRS E A | 2372 W, U JE B MR A
M 25 M4 25 . AT Z T ST HGE EDNATE IR & AR
VR, Q00 IR AR AL L S 5 IR R 2R 5
B T A A AE S0 T AR R R R L
PR eheg &2 LE M 250 SR DN AFE bR e rh i 1
FENEEATHRIE . P, ASCHRAEWFFE DNAXITMEH F
Wik 200 5 e e 4 AR EL A P A2l BT R X cf DN A
BATHUMR AT S AL RS .

1 #MR5EIE

L1 FRZASRIR

2019-202 14F 2835 MO 1 i B B i BEARH 12 1
JH AR A0 T ) 2L PR AS 30481, S B AR Y L LR A
10091, 1EH H b B 2HBURA 1041
1.2 RIR R T AL RS

CD163% £ Fi ik (Proteintech); Dapi(R3EF);
Mag MAX™ i B DN A%} #5177 & (Thermo fisher); i %
(%P ) ; Quant-iT™ PicoGreen® dsDNA Reagent and

Kits(Invitrogen); qPCR SYBR Green Master Mix
(YEASEN); Bt F 75 e 72 201 Ak 8 A5 SPAG D300 6 (R ) 5
Cy3-conjugated Affinipure Goat Anti-Rabbit I[gG(H+L)
(Proteintech); #hikAE (R3E 5 ); CCK-8ik 7
(Invigentech); CAL27 (1 &% & B} R 27 X1 ok 25 VR 2H Iy
)5 NN A G (THP-1), 1 b ERRE B A9
5 5 A E Y25 ) s BEFRX (Biotek) s 9001 i
8% (Olympus) .
1.3 FHik
1.3.1 SR aqtde 05 5 RAR MM A B o4 4m 02 2 s 6
BT A CD163EM2AIE WA bric ), AT
AR/ AR R . BB A BB R, 2K L B
ViRBE . WH—PICD163(1 : 2000) . WH L. Hm
DABR A . AR R Ge Kk, srfb., iR K . &
B R RCE R, SRS TE A PSR FARE . Rkl
LY T BB PRI m A LET, Image TA44
HrCD163 4l AL Y

AIEHLY) 72k J L B BB | B B E
—4ICD163(1 : 200) ., JFFZOE I, DAPIYLAE, | P& K
BRI PO A g R
1.3.2 cfDNARIRE%EZ  FFCAL2740 M A K % ik
80% ~ 90% M, B 45 fif 1% F LAk 22 4% 55 72 h, W4k
CAL27Z0 M i 55 F 574, 4 CCTF 6 000xg #5210 min, Y
£ 7%, SR 16 000xgE5.0>10 min, Wk L34, il g
(10000 MWCO) 7E4 °C, 5000xgZ5 4 T 0245 min, {45
S8 3R 3, FiMag MAX ™7 2 DN A4 25150 & R FH #
TR U B B O 4R W P R cf DN A, R B R S %
BRONKHORST. VANDEWOESTYNEZ (4 SCk! %, )
FHER NS IR FL UK 48 E CAL-27 40153 M4 ) cfDNA, 424k
PSR -SiTili:N
1.3.3 CCK-8%#m| E#mie &K STHP-1% AT
8x 10°Z1 Hfd/mLIs, % G (40 ng/mL) /534l L 24 h, W
GO NG BE AR Sy EL R A, b E R AL . X R A
164055 S5 2k, SCHZHMA S A 1. 5. 10 pg/mL cfDNARY
164085 7276455724 h, 25 40 HINA 164035 7535 R & 4
i), B E3INE L. FSLIMAL0 uL CCK-81lH, 7
YR SRR TP R 30 mine  FHEGHR (N E 450 nm Ak A1
JERE, THEAME . AHRTE A (%) = (OB RE . — TR
JE i) | (G =BT 1) X 100%
1.3.4 AW EEmieie e R THP- 1480 E VR4,
AT 252 FImRN A K PG cFDN AT LI 4H At Ak
YER, SRR B i S A B e ik . BRGNS : i
THP-175 } B RN (Un1.3.30158 ), Sl 3k, X a4l
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A 164035 55, LI 20N A & 4 cfDNA(5 pug/mL) Y
164015 7 3L 9724 h, WAEE T WSS B G 40 iR & /;w:
Z TR FE S5 SO . QU2 B R0 B A A, —

73 TrizolE B HRNA, S5 FF RN A 53 ) cDNA, u[s-
actin iy N2, L9 E S PCR(RT-qPCR) A& A fb 45
FRCD86. TNF-a. IL-6. CD163, CD204, Arg-13&[H 3
Ko SRR B EERAR XS ik i, 51975
RIUIR, QWAREFEI E VAL, o — 5 FIA S 1l
T 164055 F2 3L 1% 9524 h, YA W 200 0 % 10 55 7 3%,
4 CF5000xgi.0>10 min, Xf B2 A9 FRIC A CTR-CM, 5
B2 FFRIE K fDNA-CM.

*1 3MERET

Table1 Gene primer sequences

Gene (human) Primer sequence (5'-3") Ielr?git?/el;p
B-actin F: GGAGATTACTGCCCTGGCTCCTA 23
R GACTCATCGTACTCCTGCTTGCTG 22
CD86 F: TGCTCATCTATACACGGTTACC 22
R: TGCATAACACCATCATACTCGA 22
TNF-a F: TGGCGTGGAGCTGAGAGATAACC 23
R: CGATGCGGCTGATGGTGTGG 20
IL-6 F: CACTGGTCTTTTGGAGTTTGAG 22
R: GGACTTTTGTACTCATCTGCAC 22
CD163 F: ATCAACCCTGCATCTTTAGACA 22
R: CTTGTTGTCACATGTGATCCAG 22
CD204 F: GGACACTGATAGCTGCTCCGAATC 24

R: CACGAGGAGGTAAAGGGCAATCAG 24
Arg-1 F: GGACCTGCCCTTTGCTGACATC 22

R: TCTTCTTGACTTCTGCCACCTTGC 24

TNF-a: tumor necrosis factor alpha; IL-6: interleukin 6; Arg-1: arginase 1.

1.3.5 Mo gt i T FCAL- 2741 T 12
FLAR, 157 240 6 285 2 35 2 80% if i A S A 35 35 5, % BE AL n
ACTR-CM, SLE 4l AcfDNA-CM, K5 5%24 h, LIB-
actin’h N2, RT-qPCREGI T PEAHCHEFROCTARISOX 21
mRNARILKF . BIWFHNER2TR

1.3.6 CCK-8#MCAL-274m & b 50004 i /FLAE
96fL AR h R CAL27 40 ffd, i % )5 43 B HICTR-CM A
cfDNDA-CMK53%24 h, HH I EINE L. HFLMA
10 WL CCK-8i 7RG 240 A 36 v ik ] 1.3.3

1.3.7 AMCAL-27@fRE /467 $4:20000040 e/ FL%3%
TEefLAR R CAL2741 M, 13 7% 5 200 piAf sk ki 2k, X)
HRZH N ACTR-CM, SEEHMA fDNA-CM, FFTERAL
I L%IALE, SRJ5450. 6. 12 hEUEE, FAME . {8 flImage

o 5445
%2 RT-qPCR3I¥IABFSI
Table2 RT-qPCR primer sequences
Gene . ' ar Primer
(human) Primer sequence (5'-3") length/bp
B-actin F: GGAGATTACTGCCCTGGCTCCTA 23
R: GACTCATCGTACTCCTGCTTGCTG 24
SOX2 F: GTGAGCGCCCTGCAGTACAA 20
R: GCGAGTAGGACATGCTGTAGGTG 23
OCT4 F: GCTGGATGTCAGGGCTCTTTG 21

R: TTCAAGAGATTTATCGAGCACCTTC 25

SOX2: SRY-box transcription factor 2; OCT4: organic cation/carnitine

transporter 4.

VR A3 AT G 93 56 2 B [ 43 1, 5T #
R, TBR%)= (RYRTER, X HEA,) AR,
100%. FHEHL6 h, 12 h,

1.3.8 %itF ik LIEERL X+ 53R,
AL . P<0.05NERAFIT2HE XL

2 #R

2.1 M2EEIRAMnAE AR SHEAR D5

ULIEIL o T Sl (BT . S8 1 1) 10 o b 2 R
F | Je Hh CD 16340 B %5 2 43 31 A 453 . 338 Fll68 4 i/
mm® R R 88 P ) 0 R B4 A 1 11 i L R 4l 0
M2 LA Atk 3 TR D5 B (P<0.05)

PEAT ST R

Normal oral epithlium Dysplastic epithelium 0OSCC

Normal oral
epithlium

Dysplastic
epithelium

osccC

B 1 MR ERMAEARR AIRARHHSTH
Fig 1 Distribution of M2 macrophages in different types of oral tissues
A: THC staining of CD163 (scale bar=200 pum [top], 50 um [bottom]); B: IF
staining of CD163 (scale bar=20 pum).
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2.2 fDNAKZE
T N W B I LUK 7R CAL-27 4 WA 4 cEDN A K B 7
10000 ~ 15000 bpZ 7], WLIE2.

DNA DNA
marker cfDNA marker
(bp)
15000
10 000
7 500
5000

2500

1000

B 2 £ fDNA
Fig 2 Determination of cfDNA

2.3 cfDNAXTE I 40 A 5 1 22 0
ULE3, SXFHRZAH H, 253 A DN AT B 4T fifg
YA $0 ) 40 B S M VR A (P< 0,018 P< 0.001) o

= 150

<

£z

=

=

2100 + T *k ok
= o otk
S

=

<

)

5 50+

=

S

-

&

©

O

Control 1 ug/mL 5pg/mL 10 ug/mL

cfDNA

3 fDNAX E B2 A& A A
Fig 3 Effect of cfDNA on macrophage activity

" p<0.01,”" P<0.001, vs. control group.

W
—_
w1
(=}

[ =3 CTR-CM
mm cfDNA-CM

(== CTR-CM e
mm cfDNA-CM

[\ 8)

100

—_

i

(=}
T

(fold changes)
Cell proliferation activity/%

Relative gene expressions

(=}

(=}

SOX-2 (B )

OCT-4

2.4 cfDNAXSE AR 1ER

W4, FEb LRSS S THP- 141024 h, B8 T W
SR B 20 M R B TR A A N M REAR A, SIE B THP- L E 75
SR E VG, AR TOER, 5 Al E A A A L,
cfDNALD PR 53 E W 240 B A HE A B 2, 150138 43
YRR AN A 5 HRALAH L, S50 20 M2 g 20 i £
FRCD163, Arg-1, CD204 mRNA /KB & 15 (P< 0.05),
MK E AR FRIL-6 . TNF- mRNAZK 354 B A8
Ak, BLEH FDN A5 L G20 ffd ) M2 AU 4K

Macrophage ~ Macrophage+cfDNA
SSESEE T B TRy
) fé“{ (:; o ) e

= CTR-CM
B ¢fDNA-CM

||ﬂlﬂlﬂl

CD163 CD204 Arg-1 CD86 TNF-oa IL-6

,p

[\S]

Relative gene expressions
(fold changes)

o

B 4 fDNA Xt E KR4 BEAIAR L 1E A
Fig 4 Effect of cfDNA on gene expression of related cytokines in M1 and
M2 macrophages
A: microscopic image (the yellow arrows are pointed at polarized
P<0.01,
” P<0.001, vs. CTR-CM group, n=3. CTR-CM: control-conditioned

macrophages); B: the mRNA levels were determined by qPCR. "

medium; ¢fDNA-CM: conditioned medium of macrophages after induction by

cfDNA.

2.5 cfDNAFSHERAAIEECAL-274 14
WLIE5A. 5 RCTR-CMALHECAL-27 4 HIA L,

cfDNA-CM{E#F CAL-27 40 ifi = 18 T PRI OCT4 N

SOX2(P<0.05), P cFDONAIF S A4 5 W 41 i ] LASE 55 i

chNA cM 100

CTR-CM

80 +

g g
By

60

Cemmeeel

Migration ratio/%

12h |

oh _6h  12h

5 ofDNASHI E MMM CAL-27 M F R E R (A ) CAL-274MEREESN (B ) KR
Fig 5 Effect of cfDNA-induced macrophages on the expression of stemness-related genes in CAL-27 cells (A) and on the migration ability of CAL-27

cells (B)
"P<0.05 """
cfDNA.

P <0.001, vs. CTR-CM group, n=3. CTR-CM: control-conditioned medium; cfDNA-CM: conditioned medium of macrophages after induction by
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2.6 cfDNA FSHE AR CAL- 2740 2T B

ULEI5B. 435I cfDNA-CMAICTR-CMAb FECAL-
27403, CCK8%% 5tk 75 CTR-C MR g 210 g 4 5 T 1A
SO, S BRZRE HE, cfDNA-CMA B () fith 3 200 it 3 7
PR EE TR, QRIS F 0 5 (P<0.05) . EH] cfDNA i 5
1) B AT AT A SR R A T R e T o

3 Wit

VTAEAR DN AE N e WA TE Kb i W) 52 B iz 06
o HRDT SR A R R R A B PRI 25 DN A X L g4
UL 8 2 ), PO 56 e e BR324 L 8 S A b ik
PRI A 2R D S AR 5T E W 20 5 e e A AR B4 T T Ay
1S A SR V7 R BT A, R PRI RICR

LR WS & 7 fDNA, I . PRI . Bk Tk
A AR PR IEHE BR A ZH 21 R oF DN AR B A 5,
T ML LR R 4 214508 STROUNZE YRI5 2 B s iy
20 R0 L R AT G306 B EDNA . SR T 7% 241 A 50
cfDNARIHLE 6 AS B, i 5% 3R W19 20 i 53 WA A DN A
Al e RELE AN T, T BES WA A Y 1 P TR
RA K, RIE A FHMagMAX™ Cell-Free DNA
Isolation Kiti#| &, MCAL-27£54:4% 52 AR BLcfDNA, Jf
FIFHPicogreeniz 7l SR i 1 fL fDNAKE i BUEE DN AV
FE, VR R G 2L 50 1 bt . AR SCEIE] CAL-27 241 i
I3 DNAH & A R EEDNA, H A 7E10000 ~
15000 bpZ[A] . 5 MOROZKINZE2Iy ST 45 A, H:
2 L {7 2% R RF R A0 R R 0 4 M 0 B EDNA
B FE 400 ~ 10000 bp, FFH T RIE M ADNAT K . 7F
AUCAMP, BRONKHORSTZE= 2§ 5256 vh 52 BRSNS A
N EE RN A A DN AR AL HAE35 bpAT10 000 bp /e
A, WA SE G A & BN F i cfDNA, A REJE F T e 4
B g B o DNAB g FL 25k

O A 2T FEIESE T 968 240 A U5 Y cEDN A XS 2 248
FRLER A, (L2 b 983 248 PR A 52 P cEDIN A KT £ 92 4 Bt i) 4
FHEEA 1 . WALDVOGEL ABRAMOW SKIZE2 A fidt
N2 F B A i A1 S % R (cell-free nucleic acids,
cfNA), i ESE F A AR I 5 SUEEDNA, FcfNAAL
BRAME I A AZ A, W B e KA e A S SE R i,
fFG# LR T (CXCL-9, CXCL-11, CCL-18, CXCL-107
CCL-8). H@MizIAC1 (MRC1) FIH: i 4 J& & A i
MMP9, HIcfNAKLBRE REANE, MEF CXCL-8., IL-8 2 H:
148 FE A C I (CSFIR., LY9. TRIB3FICDS55) 33k i,
PURILIHILL-RaFeiK T, WIL-6, TNF-a, MIP-133K%

M cfDNAKLFETHP- 14 i, W52 F DID T3 FI4 4 H A
SESN23¢ik 1, [R] i notchid IS , i TNF-a ik JoH
B, SHEIAMTEG SRR &, AT H] O S
AN AR VR 1) FDNALE FRh I TR 175 5 1 THP- 140 L, W45
MR AN EAR S TNF-a, IL-6. CD86FIAWEAT K4 ik
FARAL AR AL/, M2 2 [ EAR AR CD163 | Arg-
1. CD20473A5 W1 B, UERH 1 cfDNAF| | e ik Lk
A1 1) M2 B AR AR VR, UESE T cf DN AN g Sl B B i
I EEAE . Mg iR s v oA 25 A A pH L B4R
YA N T (serpinE2) | AHML IR+ (IL-4) F B AT 5 S
I 440 e 1) M2 B Al AR 02 TL -4 3 3 40 m TORC1
JNKEEA5 538 B6175 5 B W 20 MR Ak A M7 1 A0 5t
[K-F-PPARy L YEAIE 5 W 241w i) M2 UM Ak 2 4% R P,
T AR S 56 A FR 5T DN A F: B W 40 Bl AL i BIL ], 75 22
TE4E T ORAY S ifE— P 3

I SCHE I cfDN A JE i i il 988 41 g 73 WA T L - 8 5
CXCL-8fi i g (= 22 FNL AL, X815 e A0 G
AN AYVEHIR WARIE . A S SRS T f DNAfEHEE
W 2 A M2 AU AL BV, AR5 #E— 4R ST T o DNATE T
A W 200 % 1 R A M A P P, ¢ 21 AR 0 i ed -+
YHMIFRICOCTARSOX 233k, [R) -t A1 1k i g8 240 A A 7%
AET7 . SR ANMAT A cEDNA A AT HE 5 410 il el 1k e AT
HE—EHFE . NAQVIZEHI FI 2 = AR AR SR K
73F (the 3rd generation polyamidoamine dendrimer,
PAMAM-G3) 5G24I S i 25 4, il
JEE IR AR 2 FIT 6 R2 . PAMAM-G3 2 —FiZIREE A =

Y0 A1 A% IR M A% - 2 1 I A A R, DT
W B IR VR, 2 T ) TLRI Ak, 1% 2030 ) A 4=
B EH . DNase T &M 7EAE T ILIROFI HAt A
WP IR, B m ) B XUEEDNARYRE F7, 76 15 %
PEVERI A AN bR a0k v R PR AR, A
WF9 P IES:PAMAM-G3HIDNase 17 25 5 i fDNA,
AT Rt AR B A 9 24 064 R FIDN ARG 7] B
JEANE LA CEDNA A 553 0 1 oo a2 JE2 763 7 SR s

5 PR, AMFRARE T ofDNA X} i s B
I3 24 -5 oy 40 AR B A S ), DE S HGE i i S B
W 240 o i) M2 TR A R 1 R R 2R T PR RIS, M
MY I DNA #EA TR T AR AR .

* * *
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