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Abstract: Heterotypic cell-in-cell structures (heCICs) are closely related to tumor development
and progression, and have become a new frontier in life science research. Ras-related C3
botulinum toxin substrate 1 (Racl) belongs to the classic Rho GTPase, which plays a key role in
regulating the cytoskeleton and cell movement. To investigate the role and mechanism of Racl
in the formation of heCICs, tumor cells and immune killer cells were labeled with cell-tracker,
respectively, to establish the heCICs model. Upon treatment with the Racl inhibitor NSC23766,
the formation of heCICs between tumor and immune cells was significantly reduced. The
plasmid pQCXIP-Racl-EGFP constructed by gene cloning was packaged into pseudoviruses
that subsequently infect tumor cells to make cell lines stably expressing Racl. As a result, the
formation of heCICs was significantly increased upon Racl overexpression. These results
demonstrated a promotive role of Racl in heCICs formation, which may facilitate treating
cell-in-cell related diseases, such as tumors, by targeting Racl.

Keywords: heterotypic cell-in-cell structure; tumorigenesis; Ras-related C3 botulinum toxin
substrate 1; immunotherapy
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RhoA-ROCK-pMLC2 5 53 % I 15 i L3N Bk i
Fc4E A & vineulin & (% 7172 hoCICs JE
A 3 A R R R U B 25 B 9 I R 7
WA, BoRBZIEE hoCICs BRI T K
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saline, PBS)VEIAE U5, 439 2 mL DMEM
Fehf R L B MMA436 A PLC 40, SR
Ja BB 2 pL CellTracker™ Orange CMTMR ;
WS, F 2 mL RPMI-1640 J:fifi 5 55 K& &
NK-92MI 40 fifl, A 2 pL CellTracker™ Green
CMFDA, IR Z 5 , 7 37 °CHiF- 4% & 30 min.
BUH 20 3 A 4 mL DMEM F1 RPMI-1640 524>
BRSOk e te, B0 PBS YR 2, S
JE A5 HL 3.0x10° AR 40 i 5 NK-92MI 41 gk
G5, BiA 12 fLtR, e FEEREE 10 h
ST WA, ] 200 pL PBS HEH A, Z 5 [#
E B R, A ZEO0 B AT BB SR
heCICs %4,
1.3.2  Racl $P#IsEIE
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0.2% Triton-X 100 % 5 min, Phalloidin-488
et 30 min, e S DAPL & A& A7k,
X} heCICs #EATIHHEL5 1T
1.3.3 #EXIRLE

FFBEUE Racl il NSC23766 & #E5L
MR e rmREN T, AiEER, D
SEFESTEINEE, THC S8BT 6 fLRE
A AT LA 440, B MMA436 41 il &
PLC #HffiHiF 6 fLtk, TrdifiAKICA S
80%-90%Jr7 , Fi 200 uL &3k v B R 3 5 F 5%
AT 4, BRAEMROR 1385, AR
e, F PBS B VE 2, R EAIERDEH
5% B LSR5 FH 50 pmol/L 1) NSC23766 4bFi
M, 12 h JEH oS R SR AR Ak SR SR A, W]
IHE B AU T BUCRNR 5 AT S 5 s A RE R
0h, JRCRIAMALE, RE0HIT 6. 12, 24,
48 h MR AE, &5 o5 38 Ao 45 B ) B A 40 S T
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1.3.4 pQCXIP-Racl-EGFP RiAH AaHE

F| FH#K 4 Snap-Gene A pPBABE-Rac1-mCherry
Ry B Sk B AR, BT R A R AE X RN
(polymerase chain reaction, PCR)5 | ¥, i i PCR
PG AGRAT racl B A B, 5175 L% 1.
PCR ¥R 7. 98 °CHIAE 30 s; 98 °CARE:
10s, 60 °CiE Kk 30s, 72 °CZEff 1 min 30's, Ht
32 AMEFR; 72 °CHEf#H 2 min, /K pQCXIP-
EGFP-N1 | EcoR I/Age TXUYI, [lUizkt:Afk
A, B racl FEIR BRI Ze M Ak 2R 42 R R EE
20 J5 %% Ak 2 K % FF & (Escherichia coli) Trans10
JEAZ AU, AR RS PRk A K R AT R
TR YR JEAT IR PCR,  PHA: V& 20 7 1E
JE BEAT BRI S AR, RAS EE AL A A
pQCXIP-Racl-EGFP,
1.3.5 fREGEMRE

¥ HEK293FT 4ifELA 1.0x10° 4~/fL4H T
6 fLBN, 1E37°C. 5% CO, &1 FH 3R
M AE N 80%-90%K}, HiHl A . H
400 ng pQCXIP-EGFP-N1 Jit %i 1 400 ng
pQCXIP-Racl1-EGFP Fiki43 5 200 ng VSVG
F1 250 ng Gag/Pol & JFTkifE 100 pL Opti-MEM
R FEPIRA); B . B 3.75 uL Lipofectamine
2 000 7£ 100 puL Opti-MEM R5 R iR A HE
5 min J54 A RS BIRGIFIRS)  ARELH# 15 min
J& Hi% A HEK293FT 4, 78 37 °C . 5% CO;
M TR 6 h JE o8 SR SR S G 57 48 h,
AR B B, B0 DR 2 PR A M AR A e B
VW . K MM436 41 A PLC 4f i 43 ) LA
2.0x10° AN/ALEETF 6 FLAH , R 40 I B2 f5 FAL
A 1 mL DMEM 5841973 | 1 mL R iR I8
M2 uL REEFIRSIIESR, 48 h 5 IN A IERS R R
(1 /L) dedmffl, B2 IRIFF0E Rk IG i A 4k
{0,2¢ . 25 1 (enhanced green fluorescent protein,
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EGFP)a{ Racl-EGFP fli &2 1) MM436 4 fifl
KA PLC i i bk
1.3.6 RNA {2EUF0 RT-PCR &l mRNA RiA £

¥ B A B0 PBS 3R 2-3 i,
6 fLMEFLIIA 1 mL Trizol &K, VK &
5 min, {FFHASWR A% 7050 WFT 2447 240 Jf0 28 1 i 4t
FARAR, B RREEA 1.5 mL OB RG
JIA 200 pL =AW BE, 7RIS VK 2 min,
12 000 r/min, 4 °C#&5.(» 15 min, WZH 400 uL |
JEKAMZHELE T A 400 uL ENEE,
NS BENR 215 K3 10 min, 12 000 r/min
4 °CE5.0> 10 min, 3% B, HFIRH 75%4
BRI TUTENS 12 000 t/min., 4 °CE.L> 5 min, 3
% B S IR EE 5-10 min 5T, A 2040 uL
Tv3 1Y) DEPC /K fff o Rzl R b RNA ¥ B F14li
JEJE B 1-2 pg 347 [5G )5 L cDNA (#8452
b 5 A e A B R e A RS W) B e sk
GBI, RS2 9 e 5 R A B ek = s
(real-time fluorescence quantitative polymerase
chain reaction, RT-PCR)#;illl H: mRNA # k7K
(FVEZ 2% R P20 W) RT-PCR R & i B 49),
S W 1,
1.3.7 Western blotting #& 7l

e il 240 it 24 9 - 100 uL RIPA A 1 uL
BB BP0 3R (100x) AT 1 L B R e A i 5
(100x), ZRLfif 240 it f e AL A 4% T 1.5 mL
BOoET, ZEREBAREe s, 19 s, &
5 5Y%, 12000 r/min, 4 °CE.L» 10 min, H I

%1 PCR X RT-PCR 3|¥1F %I

WK ; BCAEMEERWES, fEEN BE
WA Sx EAEZZ M, 100 °C4: )& 10 min,
FEEF T 2R L UKRIER S , H PVDF BB T 5%/
FEAWHEIREA 12 hy IIA—BT 4 CFFE L
&, 552 KA TBST Yl 3 K, &K 10 min; fN
ATPUEIRFE 1-2h, F TBST 20K 3 ¥k, HHK
10 min; e/ A E SRR U RIA Ko — ik
FEHB: Racl iy 1:1 000, GAPDH 2y 1:3 000,
1.3.8 HESR

KA GraphPad Prism 34351 7 504 53 #7
W AREA ¢ KR T 2 R, bR
{H+PRHER(SEM), Gt i 25V S {H F * : P<0.05 .
#%, P<0.01, ***, P<0.001, ****. P<0.000 1
L

2 EREG5M

2.1 HeCICs #EEIFE T

1 F MM436 411if F1 PLC 40 i AE R #E40i,
NK-92MI E 00 40, A1 IS [6] 041 41 7R
EE cell-tracker sp il deis, DL 1:1 A9 HLBITR
A48 10 h, REHITH R REE, FIHAZOER
T R AEEMR, XF heCICs HEATSEH 0. 45
SRR, NK-92MI 40 ig /2 MM436 4 il 5 PLC
4 jf BB TE BT IR A heCICs (] 1A). R %%
4t 4B B s & L CellTracker™ Green
CMFDA Fric i 45 (0,19 S 5 41 i NK-92MI 58 5%
Hif77E T CellTracker' ™ Orange CMTMR Fxic ()

Table 1 PCR and RT-PCR primers

Primer name Primer sequence (5'—3") Size (bp)
PCR-racl-F ATCTCGAGCTCAAGCTTCATGCAGGCCATCAAGTGTG 37
PCR-racl-R CTTGCTCACCATGGTGGCCAACAGCAGGCATTTTCT 36
RT-PCR-racl-F TGGCTAAGGAGATTGGTGC 19
RT-PCR-racl-R CTTCGTCAAACACTGTCTTGAG 22
RT-PCR-hprt-F CCTGGCGTCGTGATTAGTGAT 21
RT-PCR-hprt-R AGACGTTCAGTCCTGTCCATAA 22
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Figure 1
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Establishment of heCICs model. A: Immunofluorescence diagrams show the heCICs formation

between MM436/PLC (red) and NK-92MI (green) cells, the nucleus was stained by DAPI (blue), and the
yellow circles indicate heCICs. B: 3D reconstruction image of heCICs formed between MM436 (red) and
NK-92MI (green) cells. C: Quantification of the percentage of heCICs. **: P<0.01.

218 1 b A 3, JE B heCICs (] 1B). 4t
THE R 7R MM436 2 Jifl heCICs JE R TE 6%
ZiAi, PLC 4l heCICs RS RTE 4% a4, W
& F MM436 4iiEE (& 1C).

2.2 Racl #IHIFIPE{K heCICs FZ A%

H# MM436 4185 PLC 4114351 F 50 umol/L
£ Racl I1kI57] NSC23766 AbFH 12 h, i BE2H
AT DMSO A3, i 2 40 i R SC 5 (K] 2A)
A LA H MM436 1 PLC 11 5 20 240 i 1T 7%
/TR AL(E 2B), i B0 5 4140 i
Racl TEMBA MG ; R4 1.3.2 ik
NK-92MI ZH i e ()5 SR A LA 1:1 /9 L lTE
HHEFE 10 h, PEATREE Y, R0 M
FAEE MG (B 2C), XF heCICs FEATGEH b 45
RE/R, FEIH Racl &, MM436 41 Fl PLC
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2 i N A S 40 D NK-92MI JE Ji§ heCICs HYfiE
7158 FEAR (& 2D). 78 Racl # il J5 , MM436
Al heCICs BRI 20%FEMEE] 12% 447,
PLC 4}l heCICs JE LM 2%F% 5] 0.5% 447,
2 Tl 8 2 i B heCICs TE L A8 fh i 4 — 38,
2.3 pQCXIP-Racl-EGFP RiAZ[ Ky iE
5£%

FIF Snap-Gene #4118 41 F ik K
pQCXIP-Racl-EGFP (/# 3A), M4k ity
#RER, ¥EA pQCXIP-EGFP-N1 F EcoR I/
Age DY), RSB IS4 PCR Y
Ha3RAS racl FEH B, KA R B B Y R B
BRI, RIURE AL, RECGEAITRE, HEA
R, AP as R S E R B xR R,
racl JE K IEAf 1 A ZUA T (8] 3B), TGRS,
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MM436  PLC

Figure 2 Racl inhibitor reduces the formation of heCICs. A: Scratch photograph of MM436 and PLC cells
after adding NSC23766 (50 umol/L) for 48 h. B: Quantification of the percentage of mobility, mobility
(%)=(scratch area at 0 h-scratch area at 48 h)/scratch area at 0 hx100%. C: Immunofluorescence diagram
shows the heCICs formation between MM436/PLC (green) and NK-92MI (red) cells after Racl inhibited, the
nucleus was stained by DAPI (blue), and the yellow circles indicate heCICs. D: Quantification of the
percentage of heCICs formation. *: P<0.05; **: P<0.01; ****: P<0.000 1.

WA B — TR AT, JCRRIL S AR s, H 4 Tk
et 5e 8 £k Racl-EGFP Bi& &, #nEA
FiE# A pQCXIP-Racl-EGFP #4850
2.4 Racl dRIAMEAMESIIE
FIIH HEK293FT it 85, KA
W5 B MM436 4il i F1 PLC 4L, 48 h M
2k, HBIRAF RS RIR GOV R
(K 4A), 25575, Racl-EGFP &gl &4E M
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EGEP

GAGAAAATGCCTGCTGTTGGCCACCATGGTGAGCAAGGGCG
GAGAAAATGCCTGCTGTTGGCCACCATGGTGAGCAAGGGCG

pQCXIP-Racl-EGFP
8 593 bp ‘

5
g
£
E
5
>
=
9]

YAV VAVAVAVAYVN k- aa VAV Y o o o [

3 pQCXIP-Racl-EGFP EHF (ArHiE
Figure 3 The construction of pQCXIP-Racl-EGFP recombinant vector. A: Schematic graph of pQCXIP-

Rac1-EGFP recombinant vector. B: The sequencing result of pQCXIP-Rac1-EGFP recombinant vector.

A
=200 um
pQCXIP-EGFP-NI  pQCXIP-Racl-EGFP  pQCXIP-EGFP-N1  pQCXIP-Racl1-EGFP
MM436 PLC
B C . .
MM436 F £ O o
= 50 ok ok $:2 VE\’O Q«‘G ¥ ’?“o @6 gL
% 40 1 Bis Racl-EGFP =z e |47 kDa
(] L S
: 510 = §
< 20 < Rac] | e e s o s s |« 2] kDa
Z 10 5 5
= 4 = o GAPDH | e e anne ssn esspamme < 36 kDa
F K o ¥ R D
RS Kooty MM436 PLC

4 Racl @REMERNEE
Figure 4 Construction of Racl overexpression cell lines. A: Fluorescent photograph of MM436 and PLC

cells upon Racl overexpression. B: The mRNA expression level of Racl in MM436 and PLC cells upon Racl
overexpression. C: Western blotting analysis of Racl levels in MM436 and PLC cells upon Racl

overexpression. ****: P<0.000 1.
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MM436 4 il #1 PLC 40 Racl i A4 7EAH
Xt 4> F R 47 kDa BHL IR R T 35— 4
W, ST AT AR, TR e
Xof BEZH A 6] REZH AR o7 B A Hh Ay, X HR
HNTEPE Racl FEHFRIATOH B 25 (R 40), #&
7~ Racl-EGFP il &85 11 FRIA A R A E ) .
2.5 Racl {183 heCICs 2%

Pt F ik Racl i MM436 41 itd 5 PLC 41 fitg
T Hox} B4 4T heCICs T2 56, A 7L
s R A (K 5A), A heCICs 45 #1740 11
T o 45 S 0 s e R 20 Bt H A 25K Racl FL
bR A NK-92MI JE i heCICs HIRE 1 8.3
THE (1 5B). 783335 Racl J5, MM436 4
heCICs R 4%FH5] 10% /447, PLC 4ifE
heCICs JE B M 3% T3 8% A7, 2 Fliig 4
L) heCICs JE L3828 Ak i 34—,

3 WREER

T EEAE CICs A2 3| Ok B 2 i 57 3 1 G

>

MM436/NK-92MI

PLC/NK-92MI

5 Racl {2i# heCICs FZFX

Almangush %2V Bl CICs 5 FL 11 s IR 40 it
J&% (oral squamous cell carcinoma, OSCC)HJ 1% %%
PE R AR Z 8] A7 78 25 A G, Al /RS KA
OSCC —HT TR FabR, 72T B B2 B
REZREVEAL . ALk, CICs ZEMIEIRYT
o U A0, FERTAN BRI IR TT i R
err s ek e i fie it CICs JE I, Do iR 4
MIdR it — e AR, (il Rk e B T b
w2y, YRS SO 25 & AR, B R
SR T CICs [T% BUAL T Ko O i i Jeg 1)
St R M SEHLRI SR =
Racl 124/ GTP B B 2532, 2 5150
BN BRI S A S
KU Racl S50 T 5 18 s Toe Ak it 240 i - 42
B 15 AN 2E N R A v AR SR
It BA B TN 28, TErdn g sg . b
SR B FNBLIA T 0 T & S SE DY Racl &5
ZRMERE R ARG, WAFECY ., B Rt
it 98 S 4 A A bR AR A R P T 24 %

EGFP Racl EGFP Racl
MM436 PLC

Figure 5 Racl improves the formation of heCICs. A: Immunofluorescence diagram shows the heCICs
formation between MM436/PLC (green) and NK-92MI (red) cells upon Racl overexpression, the nucleus
was stained by DAPI (blue), and the yellow circles indicate heCICs. B: Quantification of the percentage of

heCICs formation. ****: P<(0.000 1.
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LR I A R 55 . {HJ2 Racl 7E heCICs
T st A8 v R AR S RE e AR B AR, LR N AR S
BRGTRHEXT = .

AHFSE 8 1 HE ST heCICs A7, & Bl MM436
L5 PLC 4HAIREAS 5 s 4 NK-92MI JE
AL heCICs, RJE%E heCICs BF5T 25 3
filt s A7) NSC23766 #iH| Racl WM &
P, MRS NK-92MI 41 il 2 6] 4 heCICs
e R B E R SRI5 18 B 1A Wy A g
W) S T-By, 7 pQCXIP-Racl-EGFP 41
Fokr, JF H K B FOR A E MM436 2 i il
PLC #HfihiaERis; #— 25 kI Racl
FIE 5 heCICs JEBLIEAH G, KW Racl FKikFt
R heCICs JE B3 0 25 T vy 1 H 4 it ]
Z—. 454 Racl 7 hoCICs JE M R HME R, #E
I heCICs JE B P gt 5 Racl 51429 RhoA i
PEAS AL AR i A G, 2 fh A0 - 20 P
BREAEC T i e s g | ke iy, (R LA 7 HIL A i
A Rk — SRR RAE .

57 2 WA 2L s s 2 I A 8 rp R BR
S5t TR 240 T PN AR T L 20 O B heCICs, I HL
o9 7 TR FE AT LR o8 e B, R b
Ted 1) T B P RE 2 P IS A Tk 28 200 e 30 o 88 T 4
PR35 7 A7 A A Bt B R nt,

HIHAAH Y heCICs 2o F Hr e I —Fh G i 25 A B
2o BG40 3 2o s A 98 20 BT A% heCICs,
AT DA #B 35403 (in-cell killing) Mg 4 i, 1% 4%
5 B AL 48 i Ah 4% 3 (kiss-killing) BT 58
MR PERY S BRI 9T B R R R T R 1o 3
5 Racl HYFEIEHREE heCICs RITE K., ML E
B E AR B IR ISR . 28 Bk, AR
FE 0 IR 1 S e YR T SR A ) B RS,
& Racl 1ER heCICs AHICHERG 1 231076097 L A
PEAE T W T SLAE
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