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EMP3 inhibits the formation of heterotypic cell-in-cell
structures in hepatocellular carcinoma
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Abstract: Heterotypic cell-in-cell (heCIC) structures represent a unique intercellular interaction
where tumor cells internalize immune cells to enhance the killing efficiency of immune cells.
However, the mechanism of heCIC structure formation remains to be fully elucidated. In this
study, we explored the role of epithelial membrane protein 3 (EMP3), a PMP-22/EMP/MP20
protein family member highly expressed in the patients with hepatocellular carcinoma and poor
prognosis, in the formation of the heCIC structure formed by natural killer cells and
hepatocellular carcinoma cells. The analysis of monoclonal hepatocellular carcinoma cell lines
revealed that EMP3 presented low expression in the cells with high capability to form heCIC
structure and high expression in those with low capability. Knocking down the expression of
EMP3 by gene editing promoted the formation of heCIC structures, while overexpression of
EMP3 significantly inhibited this process. Additionally, the expression of factors involved in the
heCIC structure formation suggested that EMP3 inhibited the formation of heCIC structures by
modulating the adhesion ability and cytoskeleton of tumor cells. The findings lay a foundation
for enhancing the heCIC-mediated tumor immunotherapy by targeting EMP3.

Keywords: epithelial membrane protein 3; hepatocellular carcinoma; tumor immunotherapy;
heterotypic cell-in-cell structure
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%1 RT-PCR RF{KZH

Table 1 RT-PCR reaction buffers

Buffer Volume (pL)
2xSYBR Green Master Mix 5.0
Primer-Forward 0.5
Primer-Reverse 0.5

cDNA 2.0

DPEC H,O 2.0

% 2 RT-PCR|¥F7
Table 2 RT-PCR primers

Primer name

Primer sequence (5'—3")

EMP3-F GGAGGTCTCTTCTATGCCACC
EMP3-R AGGATCTCCTCGGCGTGAAT
AGR2-F CGACTCACACAAGGCAGAGT
AGR2-R TTGGCTCCAGGTTTGACTGT
ANXA13-F TGGGCAATCGTCATAGCCAG
ANXA13-R CTCTGGCTCTCCATTCCGTG
GAPDH-F ACAACTTTGGTATCGTGGAAGG
GAPDH-R GCCATCACGCCACAGTTTC

JIfL B 11 2R, PR R S A SO B R R A T
MR IS B0, B AR L% IF i ] BCA
AR SRR R E . % U4 REBUNA
loading buffer (5x)JfF 100 °C4: )@ i il &
10 min. 17 J5 M4 A 11k i 4 5 o st 2 1
RBURYGHATHLIK . WL FE , R IS8 s T 5%
JE4- W% PVDF &P 1 h, —$1 4 °CiEE
W, 552 KA IXTBST Y% 3 ¥k, &K 10 min,
i T ZPUNE 1 oh JEEIREA 1XTBST
VRV, S R AR R R R B T E AT R
LioRll S
1.3.4 SRMMEEEEWRRKERN

FHZ0 4% (208 B 242 B8 1:1 000 ELBIS A
I DMEM 3557 HE 1R 4 e i b 77 240 e e
R, K ERS 0 A RIS T 37 °CHE A48
P E 15 min J5, KBRYLEWRIFH PBS E3%E
2 W, WEWHEAIEE D AMYLEE, B e
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MR AU R A B, FH 4% 2 5 F R (i1 5 A B
IS DAPL 3 R AT 3 it i . SR A
LR AT BRI T WS T
1.3.5 BUEZIT S

s 421t 53 Ar #48 Fl GraphPad Prism 9.0
(GraphPad software)i#f 17, £laLA 3 M7 SEHG Y
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] 5 22 TR IR T G B vk . e B H bk
I EA G BE, 0T EEERER R
*HF P<0.05; **{F& P<0.01,
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SERTE I UIAH D 1) 22 S L AL (B 1) ACHIFSR
454 TCGA s i 21 5 heCIC JE MUY
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[l I PR G8 I WG 22 5% . W&l 2A i,
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AGR2 HARTEIN 40 s e EWl B 25 5%, H
ik AGR2 -8 & A B K B A A7
(overall survival), ANXAL13 F1 EMP3 JL[X 7£ i
B A A R T E I H S SN BAE K
(K 2B. 2C),
2.2 EMP3 A [E heCIC R R 89 40 B bk
HEREER

Fie 22 1 BLHTR AV )E F QRT-PCR E AR
AGR2 ANXA13 Jz EMP3 (5191751 .35 2)i %35
K, BATEM, AGR2 J:HTE Fif Jz E18f H
T B A0 L b R TR K AR, JoER RN R] C 1l
(& 3A); 1 ANXAL3 JE K 7E heCIC™™ 4 g ik o
() Foft J 111t AffLak b 2 3 ik e dh, i e
HAW R AN ER AR XK F S heCICM 4141
MaRRAH G 25 5%, 5 heCIC™®™ 4141 i bk
ANXA13 At oW i 22 5 (K 3B); W& 3C.
3D iR, EMP3 JEH7E heCIC'™™ 41 5] 451~ 4
LRk 25 e B0 AR B B mRNA Rk K.
Western blotting SE%e i — 2P UESE | EMP3 &
heCIC™ Atk KX KFEF B EFH T
heCIC"e" A 4Ntk , #2275 EMP3 Al fES 515
JF 96 40 HE A1 NK92MI 41 ffd (8] heCIC 2544 T i,
2.3 Efik EMP3 & Z {2 AT =40 A-NK92MI
4H A1 (8] heCIC 5972 BY

J T AT EMP3 7E -9 4 it B B heCIC 45
R R VE T, 16 Feft K T1ft 4tk xt
EMP3 A TRt fIC, FHAI T R IRECR (B 4A). 5
NK92MI #5555, MMHE R 45 R B8, Foft
HIkR heCIC S5HETE B M RIRET IV EY 3%Tt
H 2 9%, 11t ik 7E EMP3 fi{IkJ5 heCIC %5
FTE R 2 4%TFH 2 8%, /Rl EMP3
RE A5G R0 0 JH-Jes 200 6L R 2028 20 B[R] heCIC 5
FIRTE (Kl 4B, 4C).
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Figure 2 Screen the relationshlp among differential genes of heCIC structures RNA-Seq and clinical
outcomes of liver cancer patients. The expression in heCIC structures screening data and clinical patients of
AGR2, ANXA13, and EMP3 (A—C) with the overall survival data.
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cell lines. A: The efficiency of EMP3-knockdown in F6ft and I1ft cell lines. B—C: Quantification of
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